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Preface

Extremely hazardous substances (EHSs)? can be released accidentally as a
result of chemical spills, industrial explosions, fires, or accidents involving rail-
road cars and trucks transporting EHSs. Workers and residents in communities
surrounding industrial facilities where EHSs are manufactured, used, or stored
and in communities along the nation’s railways and highways are potentially at
risk of being exposed to airborne EHSs during accidental releases or intentional
releases by terrorists. Pursuant to the Superfund Amendments and Reauthoriza-
tion Act of 1986, the U.S. Environmental Protection Agency (EPA) has identi-
fied approximately 400 EHSs on the basis of acute |ethality datain rodents.

As part of its efforts to develop acute exposure guideline levels for EHSs,
EPA and the Agency for Toxic Substances and Disease Registry (ATSDR) in
1991 requested that the National Research Council (NRC) develop guidelines
for establishing such levels. In response to that request, the NRC published
Guidelines for Developing Community Emergency Exposure Levels for Hazard-
ous Substances in 1993. Subsequently, Standard Operating Procedures for De-
veloping Acute Exposure Guideline Levels for Hazardous Substances was pub-
lished in 2001, providing updated procedures, methodologies, and other
guidelines used by the National Advisory Committee (NAC) on Acute Exposure
Guideline Levels for Hazardous Substances and the Committee on Acute Expo-
sure Guideline Levels (AEGL ) in developing the AEGL values.

Using the 1993 and 2001 NRC guidelines reports, the NAC—consisting of
members from EPA, the Department of Defense (DOD), the Department of En-
ergy (DOE), the Department of Transportation (DOT), other federal and state
governments, the chemical industry, academia, and other organizations from the
private sector—has developed AEGL s for more than 270 EHSs.

In 1998, EPA and DOD requested that the NRC independently review the
AEGLs developed by NAC. In response to that request, the NRC organized
within its Committee on Toxicology (COT) the Committee on Acute Exposure
Guideline Levels, which prepared this report. Thisreport isthe twelfth volumein

2As defined pursuant to the Superfund Amendments and Reauithorization Act of 1986.

Xiii
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that series. AEGL documents for butane, chloroacetaldehyde, chlorobenzene,
chloroform, methyl bromide, methyl chloride, and propane are each published as
an appendix in this report. The committee concludes that the AEGL s developed in
these appendixes are scientifically valid conclusions based on the data reviewed
by NAC and are consistent with the NRC guideline reports. AEGL reports for
additional chemicalswill be presented in subsequent volumes.

The committee's review of the AEGL documents involved both oral and
written presentations to the committee by the authors of the documents. The
committee examined the draft documents and provided comments and recom-
mendations for how they could be improved in a series of interim reports. The
authors revised the draft AEGL documents based on the advice in the interim
reports and presented them for reexamination by the committee as many times
as necessary until the committee was satisfied that the AEGLs were scientifi-
caly justified and consistent with the 1993 and 2001 NRC guideline reports.
After these determinations have been made for an AEGL document, it is pub-
lished as an appendix in avolume such as this one.

The five interim reports of the committee that led to this report were re-
viewed in draft form by individuals selected for their diverse perspectives and
technical expertise, in accordance with procedures approved by the NRC's Re-
port Review Committee. The purpose of this independent review is to provide
candid and critical comments that will assist the ingtitution in making its pub-
lished report as sound as possible and to ensure that the report meets institu-
tional standards for objectivity, evidence, and responsiveness to the study
charge. The review comments and draft manuscript remain confidential to pro-
tect the integrity of the deliberative process. We wish to thank the following
individuals for their review of the five committee interim reports, which summa-
rize the committee’s conclusions and recommendations for improving NAC's
AEGL documents for butane (interim reports 17 and 20a), chloroacetaldehyde
(interim report 17), chlorobenzene (interim report 17), chloroform (interim re-
ports 13, 14, and 18), methyl bromide (interim reports 18 and 20a), methyl chlo-
ride (interm reports 18 and 10a), and propane (interim reports 17 and 20a):
Deepak Bhalla (Wayne State University), Harvey Clewell (The Hamner Insti-
tutes for Health Sciences), Jeffrey Fisher (U.S. Food and Drug Administration),
David Gaylor (Gaylor and Associates, LLC), A. Wallace Hayes (Harvard
School of Public Health), Sam Kacew (University of Ottawa), Kenneth Still
(Occupational Toxicology Associates), Joyce Tsuji (Exponent, Inc.), and Judith
Zelikoff (New Y ork University).

Although the reviewers listed above have provided many constructive
comments and suggestions, they were not asked to endorse the conclusions or
recommendations, nor did they see the final draft of this volume before its
release. The review of interim report 13 was overseen by Sidney Green, Jr.
(Howard University), and interim reports 14, 17, 18, and 20a were overseen by
Robert Goyer (University of Western Ontario [retired]). Appointed by the
NRC, they were responsible for making certain that an independent examina-
tion of the interim reports was carried out in accordance with institutional pro-

Copyright © National Academy of Sciences. All rights reserved.
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cedures and that all review comments were carefully considered. Responsibil-
ity for the final content of this report rests entirely with the authoring commit-
tee and the institution.

The committee gratefully acknowledges the valuable assistance provided
by the following persons. Ernest Falke and Iris A. Camacho (both from EPA)
and George Rusch (Risk Assessment and Toxicology Services). The committee
also acknowledges Susan Martel, the project director for her work this project.
Other staff members who contributed to this effort are James J. Reisa (director
of the Board on Environmental Studies and Toxicology), Radiah Rose (manager,
editorial projects), Mirsada Karalic-Loncarevic (manager of the Technica In-
formation Center), and Tamara Dawson (program associate). Finaly, | would
like to thank all members of the committee for their expertise and dedicated ef-
fort throughout the devel opment of this report.

Donald E. Gardner, Chair

Committee on Acute Exposure
Guideline Levels
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National Research Council Committee
Review of Acute Exposure Guideline
L evels of Selected Airborne Chemicals

This report is the twelfth volume in the series Acute Exposure Guideline
Levelsfor Selected Airborne Chemicals.

In the Bhopal disaster of 1984, approximately 2,000 residents living near a
chemical plant werekilled and 20,000 more suffered irreversible damage to their
eyes and lungs following accidental release of methyl isocyanate. The toll was
particularly high because the community had little idea what chemicals were
being used at the plant, how dangerous they might be, or what steps to take in an
emergency. This tragedy served to focus international attention on the need for
governments to identify hazardous substances and to assist local communitiesin
planning how to deal with emergency exposures.

In the United States, the Superfund Amendments and Reauthorization Act
(SARA) of 1986 required that the U.S. Environmental Protection Agency (EPA)
identify extremely hazardous substances (EHSs) and, in cooperation with the
Federal Emergency Management Agency and the U.S. Department of Transpor-
tation, assist local emergency planning committees (LEPCs) by providing guid-
ance for conducting health hazard assessments for the development of emer-
gency response plans for sites where EHSs are produced, stored, transported, or
used. SARA aso required that the Agency for Toxic Substances and Disease
Registry (ATSDR) determine whether chemical substances identified at hazard-
ous waste sites or in the environment present a public health concern.

As afirst step in assisting the LEPCs, EPA identified approximately 400
EHSs largely on the basis of their immediately dangerous to life and health val-
ues, developed by the National Institute for Occupational Safety or Health. Al-
though several public and private groups, such as the Occupational Safety and
Health Administration and the American Conference of Governmental Industrial
Hygienists, have established exposure limits for some substances and some ex-
posures (e.g., workplace or ambient air quality), these limits are not easily or
directly tranglated into emergency exposure limits for exposures at high levels

3
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but of short duration, usually less than 1 hour (h), and only once in alifetime for
the general population, which includes infants (from birth to 3 years of age),
children, the elderly, and persons with diseases, such as asthma or heart disease.

The National Research Council (NRC) Committee on Toxicology (COT)
has published many reports on emergency exposure guidance levels and space-
craft maximum allowable concentrations for chemicals used by the U.S. De-
partment of Defense (DOD) and the National Aeronautics and Space Admini-
stration (NASA) (NRC 1968, 1972, 1984a,b,c,d, 1985a,b, 1986a, 1987, 1988,
1994, 1996a,b, 20003, 2002a, 20073, 2008a). COT has also published guidelines
for developing emergency exposure guidance levels for military personnel and
for astronauts (NRC 1986b, 1992, 2000b). Because of COT'’s experience in rec-
ommending emergency exposure levels for short-term exposures, in 1991 EPA
and ATSDR requested that COT develop criteria and methods for developing
emergency exposure levels for EHSs for the general population. In response to
that request, the NRC assigned this project to the COT Subcommittee on Guide-
lines for Developing Community Emergency Exposure Levels for Hazardous
Substances. The report of that subcommittee, Guidelines for Developing Com+
munity Emergency Exposure Levels for Hazardous Substances (NRC 1993),
provides step-by-step guidance for setting emergency exposure levels for EHSs.
Guidance is given on what data are needed, what data are available, how to
evaluate the data, and how to present the resullts.

In November 1995, the National Advisory Committee (NAC)* for Acute
Exposure Guideline Levels for Hazardous Substances was established to iden-
tify, review, and interpret relevant toxicologic and other scientific data and to
develop acute exposure guideline levels (AEGL s) for high-priority, acutely toxic
chemicals. The NRC's previous name for acute exposure levels—community
emergency exposure levels (CEELs)—was replaced by the term AEGLS to re-
flect the broad application of these values to planning, response, and prevention
in the community, the workplace, transportation, the military, and the remedia-
tion of Superfund sites.

AEGL s represent threshold exposure limits (exposure levels below which
adverse health effects are not likely to occur) for the genera public and are ap-
plicable to emergency exposures ranging from 10 minutes (min) to 8 h. Three
levels—AEGL-1, AEGL-2, and AEGL-3—are developed for each of five expo-
sure periods (10 min, 30 min, 1 h, 4 h, and 8 h) and are distinguished by varying
degrees of severity of toxic effects. The three AEGL s are defined as follows:

INAC completed its chemical reviews in October 2011. The committee was composed
of members from EPA, DOD, many other federal and state agencies, industry, academia,
and other organizations. From 1996 to 2011, the NAC discussed over 300 chemicals and
developed AEGLSs values for at least 272 of the 329 chemicals on the AEGLS priority
chemicals lists. Although the work of the NAC has ended, the NAC-reviewed technical
support documents are being submitted to the NRC for independent review and finaliza-
tion.
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AEGL-1 is the airborne concentration (expressed as ppm [parts per mil-
lion] or mg/m® [milligrams per cubic meter]) of a substance above which it is
predicted that the general population, including susceptible individuals, could
experience notable discomfort, irritation, or certain asymptomatic nonsensory
effects. However, the effects are not disabling and are transient and reversible
upon cessation of exposure.

AEGL-2 is the airborne concentration (expressed as ppm or mg/m°) of a
substance above which it is predicted that the general population, including sus-
ceptible individuals, could experience irreversible or other serious, long-lasting
adverse health effects or an impaired ability to escape.

AEGL-3 is the airborne concentration (expressed as ppm or mg/m°) of a
substance above which it is predicted that the general population, including sus-
ceptible individuals, could experience life-threatening adverse health effects or
death.

Airborne concentrations below AEGL -1 represent exposure levels that can
produce mild and progressively increasing but transient and nondisabling odor,
taste, and sensory irritation or certain asymptomatic nonsensory adverse effects.
With increasing airborne concentrations above each AEGL, there is a progres-
sive increase in the likelihood of occurrence and the severity of effects described
for each corresponding AEGL. Although the AEGL values represent threshold
levels for the genera public, including susceptible subpopulations, such as in-
fants, children, the elderly, persons with asthma, and those with other illnesses,
it isrecognized that individuals, subject to idiosyncratic responses, could experi-
ence the effects described at concentrations below the corresponding AEGL.

SUMMARY OF REPORT ON
GUIDELINES FOR DEVELOPING AEGLS

As described in Guidelines for Developing Community Emergency Expo-
sure Levels for Hazardous Substances (NRC 1993) and the NRC guidelines re-
port Standing Operating Procedures for Developing Acute Exposure Guideline
Levels for Hazardous Chemicals (NRC 2001a), the first step in establishing
AEGLsfor achemical isto collect and review all relevant published and unpub-
lished information. Various types of evidence are assessed in establishing AEGL
values for a chemical. These include information from (1) chemical-physical
characterizations, (2) structure-activity relationships, (3) in vitro toxicity studies,
(4) animal toxicity studies, (5) controlled human studies, (6) observations of
humans involved in chemical accidents, and (7) epidemiologic studies. Toxicity
data from human studies are most applicable and are used when available in
preference to data from animal studies and in vitro studies. Toxicity data from
inhalation exposures are most useful for setting AEGLSs for airborne chemicals
because inhalation is the most likely route of exposure and because extrapola-
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tion of data from other routes would lead to additional uncertainty in the AEGL
estimate.

For most chemicals, actual human toxicity data are not available or critical
information on exposure is lacking, so toxicity data from studies conducted in
laboratory animals are extrapolated to estimate the potential toxicity in humans.
Such extrapolation requires experienced scientific judgment. The toxicity data
for animal species most representative of humans in terms of pharmacodynamic
and pharmacokinetic properties are used for determining AEGLSs. If data are not
available on the species that best represents humans, data from the most sensi-
tive animal species are used. Uncertainty factors are commonly used when ani-
mal data are used to estimate risk levels for humans. The magnitude of uncer-
tainty factors depends on the quality of the animal data used to determine the no-
observed-adverse-effect level (NOAEL) and the mode of action of the substance
in question. When available, pharmacokinetic data on tissue doses are consid-
ered for interspecies extrapol ation.

For substances that affect several organ systems or have multiple effects,
all end points (including reproductive [in both genders], developmental, neuro-
toxic, respiratory, and other organ-related effects) are evaluated, the most impor-
tant or most sensitive effect receiving the greatest attention. For carcinogenic
chemicals, excess carcinogenic risk is estimated, and the AEGLSs corresponding
to carcinogenic risks of 1 in 10,000 (1 x 10, 1 in 100,000 (1 x 10®), and 1 in
1,000,000 (1 x 10°®) exposed persons are estimated.

REVIEW OF AEGL REPORTS

As NAC began developing chemical-specific AEGL reports, EPA and
DOD asked the NRC to review independently the NAC reports for their scien-
tific validity, completeness, and consistency with the NRC guideline reports
(NRC 1993, 20014). The NRC assigned this project to the COT Committee on
Acute Exposure Guideline Levels. The committee has expertise in toxicology,
epidemiology, occupational health, pharmacology, medicine, pharmacokinetics,
industrial hygiene, and risk assessment.

The AEGL draft reports were initially prepared by ad hoc AEGL devel-
opment teams consisting of a chemical manager, chemical reviewers, and a staff
scientist of the NAC contractors—Oak Ridge National Laboratory and subse-
guently Syracuse Research Corporation. The draft documents were then re-
viewed by NAC and elevated from “draft” to “proposed” status. After the AEGL
documents were approved by NAC, they were published in the Federal Register
for public comment. The reports were then revised by NAC in response to the
public comments, elevated from “proposed” to “interim” status, and sent to the
NRC Committee on Acute Exposure Guideline Levelsfor final evaluation.

The NRC committee’s review of the AEGL reports prepared by NAC and
its contractors involves oral and written presentations to the committee by the
authors of the reports. The NRC committee provides advice and recommenda-
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tions for revisions to ensure scientific validity and consistency with the NRC
guideline reports (NRC 1993, 2001a). The revised reports are presented at sub-
sequent meetings until the committee is satisfied with the reviews.

Because of the enormous amount of data presented in AEGL reports, the
NRC committee cannot verify al of the data used by NAC. The NRC committee
relies on NAC for the accuracy and completeness of the toxicity data cited in the
AEGL reports. Thus far, the committee has prepared eleven reports in the series
Acute Exposure Guideline Levels for Selected Airborne Chemicals (NRC 2001b,
2002h, 2003, 2004, 2007b, 2008b, 2009, 2010a,b, 2011, 2012). This report is the
twelfth volume in that series. AEGL documents for butane, chloroacetaldehyde,
chlorobenzene, chloroform, methyl bromide, methyl chloride, and propane are
each published as an appendix in this report. The committee concludes that the
AEGLSs developed in these appendixes are scientifically valid conclusions based
on the data reviewed by NAC and are consistent with the NRC guideline reports.
AEGL reportsfor additional chemicalswill be presented in subsequent volumes.
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Methyl Chloride'

Acute Exposure Guideline Levels

PREFACE

Under the authority of the Federal Advisory Committee Act (FACA) P.L.
92-463 of 1972, the National Advisory Committee for Acute Exposure Guide-
line Levels for Hazardous Substances (NAC/AEGL Committee) has been estab-
lished to identify, review, and interpret relevant toxicologic and other scientific
data and develop AEGLs for high-priority, acutely toxic chemicals.

AEGLs represent threshold exposure limits for the general public and are
applicable to emergency exposure periods ranging from 10 minutes (min) to 8
hours (h). Three levels—AEGL-1, AEGL-2, and AEGL-3—are developed for
each of five exposure periods (10 and 30 min and 1, 4, and 8 h) and are distin-
guished by varying degrees of severity of toxic effects. The three AEGLs are
defined as follows:

AEGL-1 is the airborne concentration (expressed as parts per million or
milligrams per cubic meter [ppm or mg/m’]) of a substance above which it is
predicted that the general population, including susceptible individuals, could
experience notable discomfort, irritation, or certain asymptomatic, nonsensory

'"This document was prepared by the AEGL Development Team composed of Sylvia
Talmage (Summitec Corporation), Julie M. Klotzbach (Syracuse Research Corporation),
Chemical Manager George Rodgers (National Advisory Committee [NAC] on Acute
Exposure Guideline Levels for Hazardous Substances), and Ernest V. Falke (U.S. Envi-
ronmental Protection Agency). The NAC reviewed and revised the document and AEGLs
as deemed necessary. Both the document and the AEGL values were then reviewed by
the National Research Council (NRC) Committee on Acute Exposure Guideline Levels.
The NRC committee has concluded that the AEGLs developed in this document are sci-
entifically valid conclusions based on the data reviewed by the NRC and are consistent
with the NRC guidelines reports (NRC 1993, 2001).

233
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effects. However, the effects are not disabling and are transient and reversible
upon cessation of exposure.

AEGL-2 is the airborne concentration (expressed as ppm or mg/m’) of a
substance above which it is predicted that the general population, including sus-
ceptible individuals, could experience irreversible or other serious, long-lasting
adverse health effects or an impaired ability to escape.

AEGL-3 is the airborne concentration (expressed as ppm or mg/m’) of a
substance above which it is predicted that the general population, including sus-
ceptible individuals, could experience life-threatening health effects or death.

Airborne concentrations below the AEGL-1 represent exposure concentra-
tions that could produce mild and progressively increasing but transient and
nondisabling odor, taste, and sensory irritation or certain asymptomatic, nonsen-
sory effects. With increasing airborne concentrations above each AEGL, there is
a progressive increase in the likelihood of occurrence and the severity of effects
described for each corresponding AEGL. Although the AEGL values represent
threshold concentrations for the general public, including susceptible subpopula-
tions, such as infants, children, the elderly, persons with asthma, and those with
other illnesses, it is recognized that individuals, subject to idiosyncratic re-
sponses, could experience the effects described at concentrations below the cor-
responding AEGL.

SUMMARY

Methyl chloride is a substantially odorless, colorless gas with moderate
flammability and explosiveness. Most methyl chloride produced today is used as
a chemical intermediate in the production of silicones, agricultural chemicals,
methyl cellulose, quaternary amines, butyl rubber, and tetraethyl lead. Previous
use in refrigeration systems led to accidental exposures and, in some cases,
deaths. In the late 1880s, methyl chloride had limited use as a general and local
anesthetic. Data on toxicity to humans were available from accidental exposures,
occupational exposures, and clinical studies. Animal studies, primarily with the
rat and mouse, generally used a repeat-exposure scenario. Data were available
on lethal and sublethal concentrations, neurotoxicity, developmental and repro-
ductive effects, genotoxicity, and carcinogenicity. Metabolism is rapid. The hu-
man and animal studies document the central nervous system as the target of
acute and chronic exposures. In animal studies, other organs such as the kidneys
and testes have been affected by repeat exposures.

Clinical studies show that single exposures of healthy adults to methyl
chloride at 200 ppm for 3 or 3.5 h (Putz-Anderson et al. 1981a,b) and a two-day
repeat exposure of exercising adults exposed at 150 ppm for 7.5 h/day (Stewart
et al. 1980) are without adverse neurotoxic effects. The subjects included both
“fast” and “slow” metabolizers of methyl chloride. These exposures failed to
elicit physiologic, neurologic, behavioral, or clinical symptoms. Furthermore, in
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the absence of a clearly defined odor at these concentrations, the subjects were
unable to differentiate between control and exposure days. None of the expo-
sures produced mild, transient effects that define the AEGL-1 values. Because
methyl chloride has no clearly defined odor or warning properties at concentra-
tions that might be neurotoxic, an AEGL-1 is not recommended.

The AEGL-2 values were based on several studies with rats; a monitoring
study was used as support. The basis for the AEGL-2 values was the absence of
clinical signs in rats exposed at 1,500 ppm for 6 h/day for 1 day (Dodd et al.
1982) or 90 days (Mitchell et al. 1979). Because of the greater blood uptake of
chemicals by rodents than humans (Landry et al. 1981, 1983; Nolan et al. 1985),
an interspecies uncertainty factor of 1 was applied. Although humans differ in
the rate at which they metabolize methyl chloride, the difference does not appear
to be toxicologically significant (Nolan et al. 1985). Because of differences in
uptake and metabolism among the human population, an intraspecies uncertainty
factor of 3 was considered sufficient. Time scaling was performed using the
equation C" x t = k, using the default values of n = 3 for shorter durations and
n = 1 for longer durations. Because of the long exposure duration of the key
study, the 10-min value was set equal to the 30-min value. In a monitoring
study, accidental exposures at 1,000-2,000 ppm and repeated exposure at 2,000-
4,000 ppm resulted in transient symptoms of blurred vision, dizziness, headache,
and nausea in workers (MacDonald 1964). Exposure durations were not re-
ported, but appeared to be throughout the workday. Application of an intraspe-
cies uncertainty factor of 3 to 1,500 ppm, the mean concentration of methyl
chloride in the occupational monitoring studies, results in 500 ppm, a value
similar to the 4- and 8-h AEGL-2 values.

The only lethality data were 50% lethality (LCsq) values for the mouse, a
particularly sensitive species. Two studies reported no deaths in rats during the
first 4 days of exposures to methyl chloride at 5,000 ppm for 6 h/day (Morgan et
al. 1982; Chellman et al. 1986a). A single 6-h exposure at 5,000 ppm was se-
lected as the point-of-departure for the threshold for lethality. Interspecies and
intraspecies uncertainty factors of 1 and 3, respectively, were applied as was
done in the calculation for AEGL-2 values. Time scaling was performed using
the equation C" x t = k, using n = 3 for shorter durations and n = 1 for longer
durations. Because of the long exposure duration of the key study, the 10-min
AEGL-3 was set equal to the 30-min value.

The AEGL values for methyl chloride are presented in the Table 6-1.

1. INTRODUCTION

Methyl chloride is a substantially odorless, colorless gas with moderate
flammability and explosiveness. Additional chemical and physical properties are
listed in Table 6-2. At “high concentrations” it has a mild ethereal odor and
sweet taste. Methyl chloride is ubiquitous in the environment because it is pro-
duced by wood burning and is released by natural organic processes, such as
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microbial fermentation. Most industrially-produced methyl chloride is used as a
chemical intermediate. The primary use is in the manufacture of silicones
(72%); other products in which it is used as an intermediate include agricultural
chemicals, methyl cellulose, quaternary amines, butyl rubber, and tetracthyl
lead. Previously, it was used as a refrigerant and as an agricultural pesticide or
fumigant (ATSDR 1998; O’Neil et al. 2001; Reid 2001). It had limited use as a
general and local anesthetic in the late 1800s. It comprised 16% of the anesthetic
“Somnoform” (Henderson 1930). Skin contact with the liquid may cause frost-
bite (DOT 1985).

Major production methods of methyl chloride involve the reaction of
methanol and hydrogen chloride or the chlorination of methane (Holbrook
1992). Production in the United States was 920 million pounds in 1994 (CMR
1995). Methyl chloride (99.5-99.9% purity) is marketed as a liquefied gas under
pressure (WHO 2000).

2. HUMAN TOXICITY DATA

The most important route of exposure to methyl chloride in humans is via
the respiratory tract. Reported human exposures have primarily been the result
of its use as a refrigerant gas and as a blowing agent for plastic foams. Early
published reports of acute intoxications involved leaks in domestic refrigerators
and overexposures of industrial workers. Uses as a refrigeration gas and as a
blowing agent for plastic foams have been discontinued.

TABLE 6-1 Summary of AEGL Values for Methyl Chloride

End Point
Classification 10 min 30 min 1h 4h 8h (Reference)
AEGL-1 NR* NR* NR* NR¢ NR¢
(nondisabling)
AEGL-2 1,100 ppm 1,100 ppm 910 ppm 570 ppm 380 ppm NOAEL for
(disabling) (2,277 (2,277 (1,884 (1,180 (787 clinical signs,
mg/m’) mg/m’) mg/m’) mg/m?) mg/m?) tissue lesions in
rats (Mitchell
etal. 1979;
Dodd et al.
1982)
AEGL-3 3,800 ppm 3,800 ppm 3,000 ppm 1,900 ppm 1,300 ppm Threshold
(lethal) (7,866 (7,866 (6,210 (3,933 (2,691 for lethality
mg/m’) mg/m’) mg/m’) mg/m?) mg/m?) in rats (Morgan
etal. 1982;
Chellman et al.
1986a)

“AEGL-1 values are not recommended because methyl chloride has no odor or warning
properties at concentrations that may be neurotoxic.
Abbreviations: NR, not recommended; NOAEL, no-observed-adverse-effect level.
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The central nervous system (CNS) is the primary target of methyl chlo-
ride, with behavioral symptoms and neurologic effects resulting from both acute
and chronic exposures. Overexposures can result in loss of equilibrium, dizzi-
ness, semiconsciousness, and delayed death. Case histories show that acute ex-
posures at high concentrations and chronic exposures to moderately high con-
centrations result in degeneration of portions of the CNS. Symptoms include
headache, confusion, ataxia, muscle weakness, and tremor. Gastrointestinal dis-
turbances may also occur, but there is no effect on pulmonary function. Recov-
ery may be protracted. Renal, hepatic, cardiovascular, gastrointestinal, and other
complications also have been documented (Repko and Lasley 1979). Data on the
toxicity of methyl chloride have been reviewed by the Agency for Toxic Sub-
stances and Disease Registry (ATSDR 1998), the International Agency for the
Research on Cancer (IARC 1999), the World Health Organization (WHO 2000),
and the Hazardous Substances Databank (HSDB 2005).

Although mortalities have been reported as a result of accidental overex-
posure to methyl chloride, no information was available on measured concentra-
tions.

2.2. Nonlethal Toxicity

Methyl chloride is considered nonirritating to the eyes, nose, and throat;
however, the liquid can cause frostbite (DOT 1985).

TABLE 6-2 Chemical and Physical Properties of Methyl Chloride

Parameter Value Reference
Synonyms Chloromethane, monochloromethane O’Neil et al. 2001
CAS registry no. 74-87-3 O’Neil et al. 2001
Chemical formula CH;Cl O’Neil et al. 2001
Molecular weight 50.49 O’Neil et al. 2001
Physical state Colorless gas O’Neil et al. 2001
Melting point -97.7°C O’Neil et al. 2001
Boiling point -23.7°C O’Neil et al. 2001
Density Holbrook 1992

Vapor 2.3 g/L at 0°C, 1 atm (air = 1)

Liquid 0.9 g/mL at 20/4°C (water = 1)
Solubility in water 4.8 g/L at 25°C O’Neil et al. 2001
Vapor pressure 3670 mm Hg at 20°C Holbrook 1992
Flammability limits Flammable; 8.1-17.2% DOT 1985
Conversion factors 1 ppm = 2.07 mg/m’ ACGIH 2003

1 mg/m® = 0.483 ppm
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2.1. Acute Lethality
2.2.1. Odor Threshold and Awareness

Data on the odor and irritation thresholds of methyl chloride are conflict-
ing. The odor threshold has been reported at 10 ppm (Billings and Jonas 1981;
Ruth 1986), and an irritation threshold was reported in a literature review as
approximately 500 ppm (Ruth 1986). However, the specific source of the odor
and irritation thresholds was not reported. In well-conducted clinical studies
with male and female subjects, odor was not clearly perceived at concentrations
of 150 ppm (Stewart et al. 1980) or 200 ppm (Putz-Anderson et al. 1981a). Sev-
eral reviews, including one by Repko and Lasley (1979), state that methyl chlo-
ride is undetectable at concentrations that are dangerous to breathe. The odor is
described as ethereal or sweet (Reid 2001).

2.2.2. Case Reports

Numerous case reports of exposure to methyl chloride as a result of refrig-
eration losses or industrial leaks have been reported. A few examples are cited
here. Symptoms of fatigue, drowsiness, staggered walk, headache, blurred vi-
sion, mental confusion, vertigo, muscular cramping and rigidity, and tremor may
be preceded by a latent period of 1-4 h. Depending on the severity of the expo-
sure, symptoms may persist for several months, and personality changes, such as
depression, may develop (ATSDR 1998).

MacDonald (1964) described nine case reports of employees at a syn-
thetic-rubber plant where he was the medical supervisor. Where concentrations
were noted in the work area, measurements were taken by gas chromatography
or, in one case, by a Riken indicator, which gives immediate indication of the
presence of methyl chloride at concentrations up to 10,000 ppm. In some cases
exposures continued for several days before employees reported to the medical
department. The cases were reported in short paragraphs, and no further details
on exposure durations were reported. In the first case, an employee experienced
vision disturbance, headache, dizziness, nausea, and staggering for several days
prior to reporting to the medical department. Concentrations of methyl chloride
in his work area was <25-1,600 ppm. Symptoms disappeared slowly, and he
returned to work after 36 days. Two other employees working in the same area
had similar symptoms, but medical examinations were normal. Apprehension
and depression occurred for some time following the exposures.

A fourth employee neglected to wear a mask in an area where concentra-
tions of methyl chloride were known to be 1,000-2,000 ppm. He experienced
dizziness, blurred vision, headache, nausea, and vomiting. The exposure dura-
tion could not be quantified. The symptoms cleared quickly and he returned to
work the next day. A second exposure one year later, although considered more
moderate, resulted in more persistent symptoms. After a methyl chloride spill, a
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fifth employee reported symptoms similar to those described above, and he ap-
peared to be euphoric. He completed his work shift, but reported to the medical
department the next day with persistent symptoms. He returned to work 2 weeks
later. Over the next 10 years he experienced occasional periods of dizziness and
headaches, which he attributed to mild overexposures. Concentrations in his
work area rarely exceeded 100 ppm.

Following another accidental spill, an employee repeatedly entered and
left an area that had methyl chloride in excess of 10,000 ppm (Riken indicator).
Although he experienced symptoms of blurred vision, dizziness, and sight head-
ache, he did not report to the medical department. At another time, he worked in
an area with a leak that was not controlled for 13 days. Monitoring data showed
concentrations of methyl chloride at 2,000-4,000 ppm. During the first week, the
employee slept for long periods; the following week he experienced the typical
symptoms described above. Although the symptoms lessened with time, the
employee became irritable and depressed. This continued until his reassignment
into another area of the plant. Another employee exposed at the same time, but
not to the same degree, experienced milder symptoms.

An eighth employee was found unconscious lying in a cloud of escaping
methyl chloride gas by other workmen. He was admitted to the hospital where
he remained unconscious for several hours. Weakness and headaches were still
present when he was discharged 10 days later. Follow-up examinations over the
next 5 years revealed persistent symptoms, personality changes, and neurologic
damage.

In 1963, 17 male crew members on an Icelandic fishing trawler were ex-
posed for 2 days to methyl chloride from a leaking refrigerator located under
their sleeping quarters (Gudmundsson 1977). No estimates of exposure concen-
trations were made. Fifteen of the crew members had signs of intoxication and
abnormal neurologic symptoms. One survivor died within 24 h of exposure, two
committed suicide 11 and 18 months later, and one died 10 years later. Six of 10
survivors (one survivor could not be located) still had neurologic deficits 20
months later. All survivors suffered from mild to permanent neurologic or psy-
chiatric sequelae 13 years after the exposure occurred.

Lanham (1982) reported a case of a husband and wife who stored Styro-
foam™ insulating boards in the basement of their new home prior to installation.
The home was of tight, energy-efficient construction. Several days later they
developed symptoms of blurred vision, fatigue, vertigo, tremor, and abnormal
gait. Concentrations of methyl chloride measured by three different devices
were above 200 ppm.

Battigelli and Perini (1955) described two workers exposed to methyl
chloride while repairing a refrigeration system. On the basis of the room size
and the amount of gas in the system, the exposure was estimated at >29,000 ppm
(duration was not provided). The workers developed vertigo, tremors, dulled
senses, nausea, vomiting, and abdominal pain 3-4 h after exposure. Symptoms
disappeared 1 day after the exposure.
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Four refrigeration-repair workers were exposed to methyl chloride at ap-
proximately 39,000, 50,000, 440,000, and 600,000 ppm (Jones 1942). Common
symptoms were ataxia, staggering, headache, drowsiness, anorexia, blurred and
double vision, convulsions, nausea, and vomiting. The exposure duration was
not reported.

2.2.3. Occupational Exposures

Scharnweber et al. (1974) described six cases of prolonged worker expo-
sure to “relatively low levels” of methyl chloride. Exposures were for 2-3
weeks, sometimes with 12- to 16-h workdays, before onset of symptoms. The
analysis method was not reported. Two workers exposed at up to 300 ppm (8-h
time-weighted average [TWA]) for several weeks were hospitalized with symp-
toms of confusion, blurry vision, difficulty in eating and swallowing, headache,
and combativeness. Some symptoms, such as poor memory and headache, per-
sisted for several months. Four workers exposed at 265 ppm (8-h TWA) for 2-3
weeks, with 12- to 16-h workdays, developed similar symptoms, including im-
paired memory, gait, and speech and slight elevation in blood pressure. Scharn-
weber et al. (1974) concluded that 8-h of exposure to methyl chloride at concen-
trations greater than 200 ppm is necessary for development of chronic methyl-
chloride intoxication.

Continuous monitoring studies (for up to 4 months) during manufacturing
operations at nine plants were conducted by the Dow Chemical Co. (personal
communication, 1970, as cited in ACGIH 2003). Time-weighted average expo-
sure concentrations were determined for 54 job classifications. The average
TWA was 30 ppm with a range of 5-78 ppm; peaks as high as 400 ppm were
recorded. Routine, periodic medical examinations did not identify any evidence
of overexposure. Methyl chloride concentrations in relation to reported illnesses
in Styrofoam™-manufacturing plants were summarized. On the basis of 100
sample points at 9 plants, illness was reported in plants where average concen-
trations of methyl chloride were 2-1,500 ppm; the range of average exposures
was 195-475 ppm. Symptoms of illness included weakness, drowsiness, stag-
gered gait, thickness of the tongue, and lapses of memory. At 141 plants (1,784
sample points) without reported illnesses, average concentrations at sample
points were 2-500 ppm, and the range of average exposures was 15-195 ppm.

Repko et al. (1976) compared neurologic functions in a group of 122
healthy male and female workers exposed to methyl chloride in the manufacture
of foam products with 49 workers also engaged in the manufacture of foam
products but not exposed to methyl chloride. Average daily air concentrations
were determined for each worker individually. Air concentrations were moni-
tored by different methods in different plants and involved continuous and sin-
gle-sampling techniques. For continuous monitoring with gas or infrared analyz-
ers (five plants), the amount of time each employee spent in an area was used to
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calculate TWA exposures. On testing days, carbon tubes were used to collect
area samples. Results correlated “reasonably” with concentrations determined
from conductivity and infrared analyzers. In the sixth plant, continuous monitor-
ing was conducted with an automated gas chromatograph. Carbon tubes also
were used during the battery of tests. The study was not blind; volunteers were
paid and were told the objectives of the tests. Functional capacity was evaluated
with a series of comprehensive neurologic, electroencephalogram (EEG), and
behavioral test batteries.

Ambient concentrations of methyl chloride were 7.4-70 ppm, with an
overall average of 33.6 ppm. There were no significant differences in results of
neurologic tests or EEGs. Although the exposed group outperformed the control
group on a few tasks, significant performance deficits were observed for most
tasks. The concentration of methyl chloride was related to the decrease in per-
formance deficits, primarily cognitive time sharing, and increased finger tremor.
Methyl chloride concentration also was correlated with breath concentration, as
well as urine pH and hematocrit. The authors concluded that daily exposure to
methyl chloride below 100 ppm can cause significant, transitory changes in
functional capacity. Because exposures before the study were higher and be-
cause questionable statistical methods were used, the study is of limited value
(Torkelson and Rowe 1981).

The National Institute of Occupational Safety and Health (Cohen et al.
1980) conducted a survey of four U.S. chemical plants. Three of the plants pro-
duced methyl chloride and the fourth used methyl chloride as a blowing agent in
the production of polystyrene foam. The personal 8-h TWA concentrations at
the first three plants were 8.9-12.4 ppm, <0.2-7.5 ppm, and <0.1-12.7 ppm; per-
sonal exposures in the fourth plant were 3.0-21.4 ppm. In a Dutch methyl chlo-
ride plant, individual 8-h TWA area samples (which correlated closely with per-
sonal samples) were 30- 90 ppm during one working week (van Doorn et al.
1980). Symptoms, if present, were not reported in these studies.

2.2.4. Clinical Studies

Clinical studies of methyl chloride are summarized in Table 6-3. As part
of a pharmacokinetic study of methyl chloride, six male volunteers were ex-
posed at 10-50 ppm on separate days for 6 h (Nolan et al. 1985). Exposures took
place in a 70-m’ chamber. Atmospheres were measured continuously with an
infrared spectrometer and at 15-min intervals with a gas chromatograph
equipped with a flame ionization detector. There was no recognizable odor or
irritation. No adverse effects were reported by the subjects or by the physicians
conducting the post-exposure examinations.

Additional clinical studies are discussed below in the section on neurotox-
icity (Stewart et al. 1980; Putz-Anderson et al. 1981a,b) or on metabolism (Lof
et al. 2000).
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TABLE 6-3 Summary of Clinical Studies of Methyl Chloride

Concentration  Exposure

(ppm) Duration Effect Reference

10 2h No irritation or CNS effects. Lof et al. 2000

10, 50 6h No recognizable odor or irritation. Nolan et al. 1985
0, 20, 1,3, 0or No eye, nose, or throat irritation; no Stewart et al. 1980
100, 150 7.5h,2-5d effect on physiologic, neurologic,

behavioral, or clinical parameters;
exercise incorporated into the
protocol for male subjects.

0, 100, 200 3h No odor perception; little to no Putz-Anderson
effect on tests of alertness. etal. 1981a
0,200 3.5h No odor perception; no effect on Putz-Anderson
tests of alertness. et al. 1981b
2.3. Neurotoxicity

In a study using a controlled atmospheric chamber, nine male subjects
(ages 19-34) were exposed to methyl chloride at 0, 20, 100, or 150 ppm for 1, 3,
or 7.5 h, and nine female subjects were exposed at 0 or 100 ppm for identical
periods of time (Hake et al. 1977; Stewart et al. 1980). Male subjects were ex-
posed at 150 ppm on 2 consecutive days and male and female subjects were
exposed at 100 ppm on 5 consecutive days. An additional exposure of male sub-
jects involved fluctuating concentrations of 50, 100, and 150 ppm (TWA of 100
ppm) for 1, 3, or 7.5 h/day for 5 days. Groups were composed of 2-4 subjects.
Groups were defined by exposure duration; for example, the four male subjects
exposed for 7.5 h were exposed to methyl chloride at 0, 20, 100, fluctuating 50-
150, and 150 ppm on different weeks. The entire testing period was 5 weeks.
The male subjects were sedentary except for 11 min of exercise on a bicycle
ergometer (6 min at 350 kpm and 5 min at 750 kpm) between the fifth and sev-
enth hour h of exposure on the fourth day at all concentrations (day 2 for the
male group exposed at 150 ppm). Concentrations were verified by gas chroma-
tography and infrared analysis. Clinical symptoms and physiologic (EEG and
visual evoked response patterns), clinical chemistry and hematology, neurologic,
and behavioral effects were monitored; blood and alveolar breath samples were
monitored for methyl chloride. Subjective responses were recorded immediately
after entering the chamber, at the half hour, and hourly thereafter. The report
form contained the descriptors headache; nausea; dizziness; abdominal pain;
eye, nose, throat irritation; odor; and other, with modifiers of mild, moderate,
and strong (only abnormalities reported). Neurologic studies consisted of a
modified Romberg test, equilibrium test, spontaneous EEG, and visual evoked
response. Cognitive testing, consisting of time estimation, eye-hand coordina-
tion, arithmetic, and number recognition, was performed after 2 and 3 h during
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the 3- and 7.5-h exposures, respectively. The physiologic, neurologic, behav-
ioral, clinical, and medical responses revealed no deleterious effects from
methyl chloride (blood and breath analysis for methyl chloride are summarized
in Section 4.1). The notation of a mild odor was reported as frequently for con-
trol exposure (0 ppm) as for test exposures.

Putz-Anderson et al. (1981a) assessed the behavioral effects of inhaled
methyl chloride in groups of 8 or 12 healthy male and female subjects. Ages
ranged from 18 to 32 years. Methyl chloride was administered at concentrations
of 0, 100, or 200 ppm for 3 h. Three performance tests (visual vigilance, dual
task, and time discrimination), designed to test attention or alertness, were ad-
ministered before and during the treatment period. The net impairment resulting
from exposure at 200 ppm was marginally significant (4.5%). The authors con-
cluded that exposure at 200 ppm produced little or no behavioral impairment. In
a second study (Putz-Anderson et al. 1981b), conducted in the same manner and
using the same tests, groups of 12 healthy male and female subjects were ex-
posed at 200 ppm for 3.5 h. The subjects did not experience any significant im-
pairment on the tests. The authors note that the subjects were no more successful
than chance in assessing whether they had been exposed to the control or chemi-
cal atmosphere.

2.4. Developmental/Reproductive Toxicity

No studies were found regarding reproductive or developmental effects in
humans after inhalation of methyl chloride.

2.5. Genotoxicity

No studies were found regarding genotoxic effects in humans after inhala-
tion exposure to methyl chloride. In an in vitro test, methyl chloride at 0.3-5%
induced an increase in the frequency of sister chromatid exchanges in human
lymphoblasts, but did not induce DNA damage (Fostel et al. 1985). Unscheduled
DNA synthesis was induced in primary cultures of human hepatocytes of three
individuals exposed at 1%, but not at 0.1-0.3% (Butterworth et al. 1989).

2.6. Carcinogenicity

Holmes et al. (1986) conducted a retrospective study of 852 workers ex-
posed to methyl chloride in a butyl rubber manufacturing plant. Mortality from
all causes was lower than expected compared with the U.S. male population.
There was no statistical evidence that the death rate from cancer at any site was
increased. No concentrations of methyl chloride were specified in this study.

Rafnsson and Gudmundsson (1997) conducted a long-term follow-up
study of the survivors of the acute exposure described by Gudmundsson (1977)

Copyright © National Academy of Sciences. All rights reserved.



Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 12

244 Acute Exposure Guideline Levels

in Section 2.2.2. The 24 crew members, which included individuals that had not
been heavily exposed, were compared with a matched referent group. The au-
thors found increased mortality from cardiovascular diseases and “vague signs”
of cancer risk.

In reviewing the two studies described above for its Integrated Risk In-
formation System (IRIS), EPA (2003) concluded that the studies failed to con-
vincingly demonstrate an increased cancer mortality risk. The agency has not
assigned a carcinogenicity classification to methyl chloride. The National Toxi-
cology Program (NTP) has not classified methyl chloride with regard to car-
cinogenicity. IARC (1999) also concluded that evidence for carcinogenicity in
humans is inadequate. IARC reviewed the study by Holmes et al. (1986), as well
as a study by Ott et al. (1985). In the Ott et al. (1985) study, exposures were to
mixtures of chemicals, including methyl chloride. The standard mortality ratio
(SMR) for all cancers was 0.7. IARC (1999) also concluded that there was in-
adequate evidence for carcinogenicity in animals (see Section 3.6). The overall
IARC evaluation is that methyl chloride is “not classifiable as to its carcino-
genicity to humans” (Group 3). The American Conference of Governmental
Industrial Hygienists (ACGIH 2003) considers methyl chloride “not classifiable
as a human carcinogen” (A4). However, NIOSH (1984) has classified methyl
chloride as a “potential occupational carcinogen” with no further categoriza-
tion.

2.7. Summary

Acute and chronic exposures to methyl chloride primarily affect the CNS.
Deaths have occurred from accidental exposure to methyl chloride, but there are
no reliable data on concentrations and exposure durations. The odor is very faint
and may not be noticed by individuals at concentrations that are life-threatening.
Like many solvents, methyl chloride is nonirritating to the eyes and mucous
membranes. Accidental workplace exposures have documented concentrations
of 1,000-2,000, 2,000-4,000 (for up to a week), and 10,000 ppm, the latter con-
centration for short periods of time (MacDonald 1964). These exposures re-
sulted in typical symptoms of blurred vision, dizziness, headache, nausea, and
vomiting. In some cases symptoms were delayed for several hours. Daily, re-
peated exposures to methyl chloride at >265 ppm for 12- to 16-h workdays have
resulted in similar symptoms (Scharnweber et al. 1974).

In a well-conducted clinical study, no toxicologically-significant effects
were apparent when female and exercising male subjects were exposed to
methyl chloride at 100 ppm for 7.5 h on 5 consecutive days, male subjects were
exposed at 150 ppm for 7.5 h on two consecutive days, or male subjects exposed
at 50-150 ppm (TWA of 100 ppm) for 7.5 h on 5 consecutive days (Stewart et
al. 1980). In all cases male subjects exercised on a bicycle ergometer for 11 min
per day. A concentration of 200 ppm was also a no-effect level for toxicologi-
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cally significant neurobehavioral symptoms during separate 3- and 3.5-h expo-
sures (Putz-Anderson et al. 1981a,b).

No studies on developmental or reproductive effects were found. In in vi-
tro systems, methyl chloride is genotoxic only at very high concentrations.
There is inadequate evidence for carcinogenicity from methyl chloride in hu-
mans.

3. ANIMAL TOXICITY DATA

Few studies of acute exposure to methyl chloride are available. Most stud-
ies address neurotoxicity and use repeat-exposure methods. These studies are
summarized in Table 6-4.

3.1. Acute Lethality

In an early, comprehensive study (Smith and von Oettingen 1947a,b;
Dunn and Smith 1947), several species were exposed to methyl chloride at 300,
500, 1,000, 2,000, 3,000, or 4,000 ppm for 6 h/day for up to several months.
Concentrations were monitored by a titration method, from direct rotameter
calibrations, and by weight loss from the methyl chloride tanks. Agreement
among the measurement methods was fairly good. Animals were observed for
frank toxicity, including ataxia and convulsions. Concentrations of 3,000 and
4,000 ppm were lethal to most species within a few days. For 5 adult monkeys,
exposure at 2,000 ppm resulted in convulsive seizures and long periods of un-
consciousness; no deaths were recorded during the first week. At 500 ppm, 3 of
4 dogs died after 4 weeks of exposure and both monkeys died after 16 weeks of
exposure (with progressive debility and persisting unconsciousness). None of
the monkeys, dogs, rats, mice, rabbits, or guinea pigs exposed at 300 ppm for up
to 64 weeks died, and no tissue lesions were found. Symptoms developed later
in young animals. Deaths were dependent on time and concentration. At high
concentrations, mortality correlated with the product of exposure duration and
concentration, but at about 500 ppm, mortality was more gradual. Details of this
study were insufficient to estimate acute lethal concentrations for each species.
Furthermore, although the values appear similar to those of more recent studies,
the methods do not meet current standards. Therefore, this study and the follow-
ing study are not presented in Table 6-4 with other mortality studies.

Additional studies were reported by this group. The average survival time
of beagles exposed at 14,661 ppm was 5.9 h (von Oettingen et al. 1949). Death
was preceded by an initial increase in heart rate and blood pressure, followed by
reduced respiration, decreased heart rate, and progressive fall in blood pressure.
This concentration had little narcotic action as measured by disappearance of
corneal reflex, pupillary reflex, and muscular action before death. Groups of
mice (strain and number not specified) were exposed to methyl chloride at vari-
ous concentrations for 7 h (von Oettingen et al. 1949). Concentrations were es-
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timated by the amount of chemical volatilized over the 7-h period and by a titra-
tion method. Mice exhibited increased activity soon after exposure began; this
was followed by quiescence at 2 h. Death was preceded by clonic convulsions.
Most deaths occurred during the first 8 h after exposure; none occurred after 16
h. The 7-h 50% lethality (LCso) was approximately 3,100 ppm. No further de-
tails were provided.

3.1.1. Rats

In an unpublished study, groups of 40 male and 40 female Sprague-
Dawley rats were exposed continuously to methyl chloride (99.5% purity) at 0,
200, 500, 1,000, or 2,000 ppm for 48 or 72 h (Burek et al. 1981). Twenty rats
per sex were killed immediately after exposure and the remaining rats were ob-
served for 12 days before they were also killed for necropsy. At 2,000 ppm, rats
were lethargic, moribund, or dead at 48 h, and all were dead at 72 h. No male
rats and 1 of 10 female rats exposed at 1,000 ppm for 48 h died during the 12-
day post-exposure observation period; mortality in the rats exposed for 72 h was
6 of 10 males and 8 of 10 females. The authors attributed the deaths to kidney
failure. No deaths occurred at 0, 200, or 500 ppm for up to 72 h of exposure, and
no overt signs of toxicity were observed during the exposures. There were no
gross or microscopic changes in organs of rats exposed at 200 ppm for 24 h;
livers of female rats exposed at 200 ppm for 72 h showed reversible changes.

Groups of 10 male and 10 female F344 rats were exposed to methyl chlo-
ride at 0, 2,000, 3,500, or 5,000 ppm for 6 h/day for up to 12 days (Morgan et al.
1982). The chemical was 99.5% pure; analysis was by an infrared gas analyzer.
At 5,000 ppm, clinical signs included diarrhea during the first days of exposure,
incoordination of the forelimbs by day 3, hindlimb paralysis on day 5, and a
moribund state (6 males and 5 females) on day 5. In the 3,500-ppm group, two
females in a moribund state were killed after the fifth day of exposure. No other
deaths were reported. Histopathologic changes included cerebellar degeneration
in males and females exposed at 5,000 ppm, dose-related degeneration and ne-
crosis of the renal proximal convoluted tubules in males exposed at 2,000 ppm
and in both sexes at 3,500 and 5,000 ppm, hepatocellular degeneration in fe-
males exposed at 2,000 ppm and in both sexes at 3,500 and 5,000 ppm, testicular
degeneration in males exposed at >2,000 ppm, and adrenal fatty degeneration in
males and females exposed at 3,500 and 5,000 ppm. In a later study by the same
group (Chellman et al. 1986a), exposure to methyl chloride at 5,000 ppm for 5
days resulted in weight loss and testicular, brain, liver, and adrenal lesions in
male F344 rats (see Section 3.4 for reproductive effects). Tremors, ataxia, and
forelimb and hindlimb paralysis were observed, but the day of onset was not
specified. One rat of five rats died after the last day of exposure. Exposure to
methyl chloride at 7,500 ppm for 6 h/day for 2 days resulted in 67% lethality
(8/12 rats) during a 4-day post-exposure observation period.
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Species Concentration (ppm) Exposure Duration Effect” Reference
Dog 0, 200, 500 23.5h/d,3d No clinical signs or microscopic lesions at McKenna et al. 1981a
200 ppm; neurotoxic signs and brain-stem
lesions at 500 ppm
Dog 0, 50, 150, 400 6 h/d, 5 d/wk, 13 wk No clinical signs; no brain or spinal cord lesions. McKenna et al. 1981b
Rat 0, 100, 500, 1,500 6h No clinical signs; no effect on organ weights Dodd et al. 1982
(up to 18 h post-exposure); no microscopic
examinations.
Rat 0, 1,000, 3,000 6h/d,5d No deaths; initial weight loss of 3% and 20% Working et al. 1985a
in 1,000- and 3,000-ppm groups, respectively,
followed by recovery.
Rat 0, 5,000 6h/d,5d Degeneration of cerebellar granular cells, lesions Chellman et al. 1986a
in liver and adrenal glands; death of 1 rat after
fifth day of exposure
0, 7,500 6h/d,2d 67% lethality.
Rat 0, 500, 1,000, 2,000, 6h/d,upto12d No deaths during first 4 d; pathologic changes in Morgan et al. 1982
3,500, 5,000 cerebellum (5,000 ppm), kidneys (>2,000 ppm),
liver (>2,000 ppm), adrenal glands (>3,500 ppm),
testes (=2,000 ppm).
Rat 200 48,72 h No deaths; no clinical signs. Burek et al. 1981
500 48,72 h No deaths; no clinical signs.
1,000 48 h 5% mortality.
2,000 48 h Moribund state or death.
Rat 400 6 h/d, 5 d/wk, 90 d No clinical signs, no organ lesions. McKenna et al. 1981b
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TABLE 6-4 Continued

Species Concentration (ppm) Exposure Duration Effect” Reference
Rat 0, 375, 750, 1,500 6 h/d, 5 d/wk, 90 d No clinical signs or tissue lesions; increased Mitchell et al. 1979
liver weight at 1,500 ppm.
Mouse 2,250 (males) 6h LCs White et al. 1982
8,500 (females) 6h LCso
Mouse 2,200 6h LCs Chellman et al. 1986b
Mouse 0, 500, 1,000, 2,000 6h/d,upto12d 2,000 ppm: death of one strain of male mice by Morgan et al. 1982

(3 strains)

Mouse

Mouse

Mouse

Mouse

Guinea pig

1,500 ppm

0, 15, 50, 100, 150, 200
0, 150, 400, 800,
1,600, 2,400

0, 375, 750, 1,500

0, 50, 150, 400

0, 20,000

6 h/d, 5 d/wk, 2 wk

22h/d, 11d

55h/d,11d

6 h/d, 5 d/wk,
90 d

6 h/d, 5 d/wk,
90d

10 min/d, 6 d/wk, 61-70 d

day 2; ataxia, hematuria in females, death of
males and females of other strains by day 5;
pathologic changes in cerebellum (>1,000 ppm),
kidneys (>1,000 ppm), liver (=500 ppm).

2 of 10 mice died during first week, motor
incoordination during second week;
degenerative changes in cerebellum.

Cerebellar lesions at >100 ppm; 200 ppm lethal
in 5 days.

Cerebellar lesions at >400 ppm; moribund at
2,400 ppm by day 9.

Mild liver changes; no brain lesions.

No clinical signs or organ lesions.

No deaths, neurotoxic signs; lesions of
cerebellar cortex.

Jiang et al. 1985

Landry et al. 1985

Mitchell et al. 1979

McKenna et al. 1981b

Kolkmann and Volk 1975
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3.1.2. Mice

The 6-h LCs, values for methyl chloride in male and female B6C3F, mice
were 2,250 and 8,500 ppm, respectively (White et al. 1982). After exposure to
methyl chloride at 2,500 ppm for 30 min, hepatic glutathione (GSH) was re-
duced to 9% of control values in both sexes. No further data were provided in
this abstract. As reported in a later paper by the same authors (Chellman et al.
1986b), groups of five male B6C3F; mice were exposed for 6 h to methyl chlo-
ride at 500-ppm increments from nonlethal concentrations to a concentration
that caused 100% mortality (exact concentrations not specified). Animals were
killed 18 h after exposure. The LCs, was 2,200 ppm. Tremors, ataxia, and fore-
limb and hindlimb paralysis occurred prior to death.

Two strains of mice (C3H and C57BI/6) and the cross between these two
strains (B6C3F)) were exposed to methyl chloride at 0, 500, 1,000, or 2,000 ppm
for 6 h/day for up to 12 days (Morgan et al. 1982). Groups were composed of
five mice of each sex. All male B6C3F; mice exposed at 2,000 ppm were mori-
bund or dead by day 2, and all male and female mice in the remaining groups
exposed at 2,000 ppm were moribund by day 5. The animals exhibited ataxia
and had hematuria, the latter primarily in females. Histopathologic changes in-
cluded: cerebellar degeneration in male and female C57Bl/6 mice exposed at
1,000 ppm and female B6C3F; mice exposed at 2,000 ppm (the cerebellums of
C3H mice were unaffected at all concentrations); degeneration and necrosis of
the renal proximal convoluted tubules in male C3H mice exposed at 1,000 ppm
and in both sexes of all three strains exposed at 2,000 ppm; basophilic renal tu-
bules in both sexes of all three stains (except female C57B1/6 mice) exposed at
1,000 ppm, but not at 2,000 ppm; and hepatocellular degeneration at >500 ppm,
with greatest severity in male mice exposed at 2,000 ppm. Jiang et al. (1985)
also found degenerative changes in the cerebellum of female C57B1/6 mice ex-
posed to methyl chloride at 1,500 ppm for 6 h/day, 5 days/week for 2 weeks.
Renal lesions were minimal or absent.

In a study of neurotoxicity, female C57Bl/6 mice were exposed either
“continuously” for 11 days (22 h/day without interruption) to methyl chloride at
0, 15, 50, 100, 150, or 200 ppm or “intermittently” (5.5 h/day) at 0, 150, 400,
800, 1,600, or 2,400 ppm for 11 consecutive days (Landry et al. 1985). At the
end of exposure, cerebellar lesions were observed in mice continuously exposed
at >100 ppm and in mice intermittently exposed at >400 ppm. Thymus weights
were reduced at the lower concentrations, but there were no histologic corre-
lates. Continuous exposure at 200 ppm was lethal in 5 days, and intermittent
exposure at 2,400 ppm resulted in moribund mice by day 9.

3.2. Nonlethal Toxicity
3.2.1. Dogs

Groups of three male beagle dogs were exposed to methyl chloride at 0,
200, or 500 ppm for approximately 23.5 h/day for 3 days (McKenna et al.
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1981a). After 23.5 h of treatment, dogs exposed at 500 ppm appeared more tran-
quil, with one exhibiting intermittent tremor and slight excess salivation. After
72 h, the behavior of the control and 200-ppm dogs was comparable. Dogs ex-
posed at 500 ppm for 72 h appeared weak and displayed signs of forelimb stiff-
ness and incoordination, occasional slipping and falling, inability to sit up or
walk, limb tremor, and excess salivation. Partial recovery was observed during
the 27-day post-exposure period. Microscopic examination of tissues revealed
no treatment-related abnormalities in the control dogs or dogs exposed at 200
ppm. All three dogs exposed at 500 ppm displayed lesions in the brain stem and
spinal cord, consisting of vacuolization, swollen eosinophilic axons, axon loss,
demyelinization, and microglial cells with phatocytosed debris. There were no
lesions in the cerebrum, cerebellum, or peripheral nerves.

In a second study by the same investigators (McKenna et al. 1981b), there
was no evidence of brain or spinal-cord lesions in dogs exposed to methyl chlo-
ride at 0, 50, 150, or 400 ppm for 6 h/day, 5 days/week for approximately 13
weeks. Groups of four young male beagles were exposed to each concentration
for a total of 66 days. Chamber concentrations were monitored by infrared spec-
trometry. Dogs were monitored daily for clinical signs, and body weight and
hematologic- and clinical-chemistry parameters were evaluated before and after
exposure. The animals were killed at the end of the study, and tissues and organs
were examined microscopically. No dogs died during the study. There were no
clinical signs, weight gains were comparable to that of controls, and no organ or
tissue lesions attributable to methyl chloride were found.

3.2.2. Rats

As part of a mechanism of toxicity study (see Section 4.3), groups of 20
male F344 rats were exposed to methyl chloride at 0, 100, 500, or 1,500 ppm for
6 h or at 500 ppm for 1, 2, or 4 h (Dodd et al. 1982). All rats appeared normal
after the exposures. No differences were observed in lung, liver, or kidney
weights between control and treated rats when measured 0, 2, 4, 8, or 18 h after
exposure (groups of four animals). Organs were not examined microscopically.

No deaths occurred in male F344 rats exposed to methyl chloride at 1,000
or 3,000 ppm for 6 h/day for 5 days (Working et al. 1985a). Weight loss was 3%
in the 1,000-ppm group, but it was recovered 3 weeks after exposure ended. In
the 3,000-ppm group, animals experienced a 20% weight loss, with recovery 4
weeks later (see Section 3.4 for reproductive effects).

In a 90-day pilot study, groups of 10 male and 10 female F344 rats were
exposed to methyl chloride at 0, 375, 750, or 1,500 ppm for 6 h/day, 5
days/week (Mitchell et al. 1979). Animals were observed for food consumption,
body weight changes, and mortality. Hematology and clinical-chemistry tests
were performed. Organs were weighed and all tissues and organs from animals
in the control and high-concentration groups were examined microscopically.
Effects on the liver were mild; no necrosis was observed. There were no expo-
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sure-related histopathologic lesions of the brain and spinal cord and no effect on
brain weight. In a similar 90-day study, the no-effect concentration for methyl
chloride in Sprague-Dawley rats was 400 ppm (McKenna et al. 1981b). The
exposure regimen was the same as that described for dogs (see earlier discus-
sion). In addition, rats were evaluated weekly for motor and sensory response.
The results of the evaluations were normal except for a slight decline in the per-
formance of female rats (primarily those in the 400-ppm group) over time in the
wire maneuver test. The significance of this effect is questionable, given the
weight increase in female rats over 90 days and that the same tendency was pre-
sent in the control group.

3.2.3. Mice

In a 90-day pilot study, male and female B6C3F; mice were exposed to
methyl chloride at 0, 375, 750, or 1,500 ppm for 6 h/day, 5 days/week (Mitchell
et al. 1979). Moderate changes in the liver included increased liver weight and
cytoplasmic vacuolation in male and female mice exposed at 1,500 ppm, and to
a lesser degree in mice exposed at 750 ppm. Female mice were more affected
than male mice. There were no exposure-related histopathologic lesions of the
brain or spinal cord and no effect on brain weight at any concentration. In a
similar study, the no-effect level for clinical signs and organ lesions in CD-1
mice was 400 ppm (McKenna et al. 1981b). The protocol of this study is the
same as that for dogs and rats (described earlier).

3.2.4. Guinea Pigs

Kolkmann and Volk (1975) exposed guinea pigs to methyl chloride at
20,000 ppm for 10 min/day for 21 days. Microscopic examination of the cere-
bellum revealed edema with necrosis of the granular cells.

3.3. Neurotoxicity

Neurotoxic effects were observed before death in many of the studies de-
scribed earlier. In a study that addressed neurotoxicity at less than lethal concen-
trations, Landry et al. (1985) exposed female C57Bl/6 mice to various concen-
trations of methyl chloride either continuously (22 h/day) for 11 days or for 5.5
h/day for 11 days (see Table 6-4). The authors noted that female C57B1/6 mice
are particularly sensitive to the neurotoxic effects of methyl chloride and do not
have the complications of hepatic and renal toxicity. The mice were tested for
their ability to maintain balance on an accelerating, rotating rod after 4, 8, and
11 days of exposure. Performance decrements on the rotating rod were observed
after continuous exposure at 150 ppm for 4 and 8 days; mice were moribund or
dead by the eleventh day. For intermittent exposures, slight decrements in per-

Copyright © National Academy of Sciences. All rights reserved.



Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 12

252 Acute Exposure Guideline Levels

formance were observed at 800 and 1,600 ppm after 4 days, but not after 8 or 11
days. Cerebellar damage was observed at 400 ppm.

3.4. Developmental and Reproductive Toxicity

Methyl chloride has been shown to be a reproductive toxicant in a variety
of animal studies. These studies are described below and in Table 6-5.

TABLE 6-5 Reproductive Toxicity of Methyl Chloride in Animal Models

Concentration  Exposure
(ppm) Duration Effects Reference
Dog
0, 200, 500 23.5h/d for3 d No change in testes weight; no McKenna et
histopathologic lesions of testes. al. 1981a
Rat
0, 150, 475, 6 h/d, 5 d/wk No statistically significant effect on Hamm et
1,500 for 10 wk fertility of males exposed at 150 or 475 al. 1985
ppm for two generations (but dose-related
trend of reduced fertility); 100% sterility
in males at 1,500 ppm; no clear effect on
fertility in females.
200, 500, 48 0or72h No testicular lesions at 200 ppm; Burek et
1,000 inflammation of the epididymides with al. 1981
testicular atrophy at 500 and 1,000 ppm.
3,500 6 h/d, 5 and Epididymal and testicular lesions; Chapin et
4 d, with 3-d interference with neuroendocrine al. 1984
break between control of spermatogenesis; first
exposures observed at day 9.
5,000, 7,500 6 h/d for 2 d Testicular or epididymal granulomas; Chellman et
testicular lesions. al. 1986a;
Working and
Chellman 1989
3,000 6 h/d for 5 d Epididymal inflammation and Chellman et al.
granulomas, sperm cytotoxicity, 1986¢; 1987
preimplantation loss in mated females.
0, 2,000, 6 h/d for 5 and Concentration-related testicular Morgan et
3,500, 5,000 4 d with 2-d degeneration with reduced numbers al. 1982
break between of sperm.
exposures
0, 1,000, 6 h/d for 5 d At 1,000 ppm: no sperm granulomas, Working et
3,000 no effect on fertilization of females al. 1985a,b;
At 3,000 ppm: epididymal granulomas, Working and
preimplantation loss in mated females Bus 1986

from fertilization failure (decrease in
sperm quality), recovery by week 16.
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The reproductive toxicity of methyl chloride in the male rat has been well
characterized in studies performed at the Chemical Industry Institute of Toxicol-
ogy (Burek et al. 1981; Morgan et al. 1982; Chapin et al. 1984; Working et al.
1985a,b; Chellman et al. 1986b,c, 1987; Working and Chellman 1989). Male
F344 rats exposed to methyl chloride at concentrations of 1,000 ppm or greater
developed testicular degeneration, epididymal inflammation, and sperm granu-
lomas. Fertility might be decreased at 500 ppm. Recovery occurred 16 weeks
after exposure. Unexposed females bred to treated males in a dominant lethal
assay exhibited increased rates of postimplantation embryonic death during the
first 2 weeks post-exposure and increased preimplantation embryonic loss dur-
ing weeks 2 to 8 post-exposure. Studies on the mechanism of action suggest that
preimplantation loss is from cytotoxic effects of methyl chloride on sperm in the
testes (a significant decrease in the number of motile sperm of normal morphol-
ogy 2 to 8 weeks post-exposure) and not to genotoxic effects on the sperm.
Chellman et al. (1986a) showed that the effects of methyl chloride were virtually
absent when male rats were pretreated with the anti-inflammatory agent
3-amino-1-[m(trifluoromethyl)phenyl]-2-pyrazoline (BW755C).

No changes in testes weights and no histopathologic lesions of the testes
were observed in beagles after exposure to methyl chloride at 500 ppm almost
continuously for 3 days (McKenna et al. 1981a; see Section 3.1.1 for study de-
scription).

A decrease in male fertility was also observed in a two-generation study
with rats (Hamm et al. 1985). Groups of 40 male and 80 female F344 rats were
exposed to methyl chloride at 0, 150, 475, or 1,500 ppm for 6 h/day, 5
days/week during a 10-week premating period. The only clinical sign during that
time was a 10-20% reduced body weight gain in both sexes exposed at 1,500
ppm for 2 weeks and a 5-7% depression in body weight gain after day 57 in rats
exposed at 475 ppm. During a 2-week mating period, both sexes were exposed
for 7 days/week. Males were mated to two exposed females. Necropsies of 10
males in each group (at 12 weeks) showed severe bilateral testicular degenera-
tion (10/10) and epididymal granulomas (3/10) in the 1,500-ppm group. Males
exposed at 1,500 ppm were sterile when mated to either unexposed or exposed
females. Fewer Fy males exposed at 475 ppm and mated to unexposed females
were fertile (12/28) than in the control (23/28) or 150-ppm (21/28) group. Also,
fewer males exposed at 475 ppm and mated to exposed females were fertile
(12/40) than in the control (18/40) or 150-ppm (20/39) group. However, there
was no difference in fertility in the F; generation (the number of fertile males in
the control, 150-ppm, and 475-ppm groups was 31/40, 26/40, and 14/23, respec-
tively) although there was a trend toward decreased fertility. After a 9- or 18-
week recovery period, fertility remained low in F, males previously exposed at
1,500 ppm (5 and 10%, respectively).

Several studies addressed developmental effects of methyl chloride (see
Table 6-6). In the Hamm et al. (1985) study described earlier, no significant
differences in litter size, sex ratio, pup viability, or pup growth were observed
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TABLE 6-6 Developmental Effects of Methyl Chloride in Animal Models

Concentration Exposure

(ppm) Duration Effects Reference

Rat

0, 150, 475, 1,500 6 h/d, 5 d/wk premating; No significant differences in Hamm et

6 h/d, 7 d/wk from mating litter size, sex ratio, pup al. 1985
to postnatal day 28 viability, or pup growth.

0, 100, 500, 1,500 6 h/d, gestation days 7-19 Maternal and fetal toxicity Wolkowski-
at 1,500 ppm; no external, Tyl et
skeletal, or visceral al. 1983a
abnormalities in fetuses.

Mouse

0, 100, 500, 1,500 6 h/d, gestation days 6-17 Mortality in dams at 1,500 Wolkowski-
ppm; survival in other groups Tyl et
with no evidence of maternal ~ al. 1983a
or fetal toxicity; no external
malformations; small,
statistically significant
increase in heart defects in
litters of 500-ppm group.

0, 250, 500, 750 6 h/d, gestation days 6-18 Decreased body weight Wolkowski-
gain in dams at 750 ppm; Tyl et
heart malformations in al. 1983b
fetuses/litters at 500 and
750ppm.

0,250, 300 24 h, gestation days No heart malformations John-Green

11.5-12.5 et al. 1985

1,000 12 h, gestation days 11.5-12  No heart malformations

between control or treated (150, and 475 ppm) rats. Females were exposed for 6
h/day, 7 days/week from the start of mating to postnatal day 28, but were not
exposed from gestation days 18 to postnatal day 4 and the pups were not ex-
posed directly.

Results of other developmental toxicity tests with methyl chloride are con-
flicting. Wolkowski-Tyl et al. (1983a,b) found no external, skeletal, or visceral
abnormalities in the fetuses of pregnant F344 rats exposed at 0, 100, 500, or
1,500 ppm on gestation days 7-19. Maternal and fetal toxicity were apparent at
the highest concentration, as evidenced by reduced food consumption and de-
creased body weight and weight gain in dams and reduced fetal body weight.
However, a small but statistically significant number of heart malformations
were found in the B6C3F, fetuses of pregnant C57B1/6 mice (bred to C3H
males) exposed at 500 ppm on gestation days 6-17. The malformation involved
the bicuspid and tricuspid valves, and primarily involved a reduced number of
papillary muscles on the right side of the heart. No abnormalities were found in
fetuses when dams were exposed at 100 ppm. Dams exposed at 1,500 ppm were
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moribund and killed. In a subsequent study, the same malformations were ob-
served in fetuses when mouse dams were exposed at 500 or 750 ppm. No other
embryotoxicity, fetotoxicity, or malformations were observed at 250 ppm. In
another study, no heart malformations were found in fetuses of C57Bl/6 mouse
dams exposed at 250, 300, or 1,000 ppm during gestation days 11.5-12.5, con-
sidered the critical period for heart development by John-Green et al. (1985).
Wolkowski-Tyl et al. (1983b) considered gestation day 14 the critical develop-
mental period. John-Green et al. (1985) also noted the variability in the appear-
ance of the papillary heart muscles of fetal mice and, owing to their small size,
the difficulty in confirming their presence. When examinations of fetal hearts
were conducted with technicians that were blind to the test conditions, the tech-
nicians failed to find either an absence of or a reduction in size of the papillary
muscles of the tricuspid valve. Small numbers of animals were used in the John-
Green et al. (1985) study, and the exposure was for 24 h at 250 or 300 ppm or
for 12 h at 1,000 ppm.

3.5. Genotoxicity

Genotoxicity assays have been reviewed by ATSDR (1998) and EPA
(2003). In in vitro assays, methyl chloride is a weak genotoxin at high concen-
trations. Methyl chloride has been shown to be mutagenic in several strains of
Salmonella typhimurium and to induce unscheduled DNA synthesis in several
types of cells at concentrations >3%, but not at 1%. It has not been shown to
methylate the DNA of rat tissues. Exposures of male B6C3F; mice to methyl
chloride at 1,000 ppm for 6 h/day for 4 days failed to induce DNA-protein
crosslinks in the kidneys, and gave only minor evidence of single-strand DNA
breaks (Jager et al. 1988).

In in vivo assays, cytotoxicity appears to dominate potential genotoxicity.
At 15,000 ppm, but not at 3,500 ppm, methyl chloride was weakly positive for
the induction of unscheduled DNA synthesis in rat liver. Concentrations of
2,000-3,000 ppm (but not 1,000 ppm) produced dominant lethal effects in sev-
eral strains of rats. The authors of the individual studies, including Chellman et
al. (1986¢), stated that the effects appeared to be attributable to cytotoxic effects
on sperm in the testes rather than to direct genotoxicity, and to the effects of
genotoxic oxidative metabolites resulting from an induced inflammatory re-
sponse in the epididymides.

3.6. Chronic Toxicity and Carcinogenicity

In a 2-year study, methyl chloride was tested for carcinogenicity in F344
rats (120 per sex) and B6C3F; mice (120 per sex) (Pavkov et al. 1981). Vapor
concentrations were 0, 50, 225, or 1,000 ppm, and exposures were for 6 h/day.
Mouse survival was affected at 1,000 ppm, whereas rat survival was unaffected.
This outcome for mice might have been influenced by fighting for dominance
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among males. Neurofunctional impairment was observed in mice exposed at
1,000 ppm beginning with the 18-month interim sacrifice. Histopathologic ex-
aminations of male and female mice at the 18-month sacrifice revealed cerebel-
lar lesions and atrophy. These lesions were not observed at lower concentrations
or in male or female rats. Beginning at 6 months, male rats exposed at 1,000
ppm developed bilateral atrophy of the testicular seminiferous tubules. How-
ever, this lesion, as a result of aging, was present in all male rats at the 24-month
sacrifice. At 12 months, renal degenerative changes consisting of cortical tubular
epithelial hypertrophy and hyperplasia and hepatocellular degeneration were
observed in male mice exposed at 1,000 ppm. These lesions progressed in sever-
ity and prevalence throughout the study. At 24 months, the only evidence of
carcinogenicity was a statistically significant increased incidence of benign and
malignant renal tumors in male mice exposed at 1,000 ppm; two male mice in
the 225-ppm group also had renal adenomas. EPA (2003) considered 250 ppm a
no-observed-adverse-effect level (NOAEL) for any effect in rats. EPA did not
designate a NOAEL for mice, but noted that the tumors observed at 225 ppm
might be related to treatment.

3.7. Summary

Acute toxicity data on methyl chloride are sparse. The 6-h LCs, values for
male and female B6C3F; mice were 2,200 and 8,500 ppm, respectively (White
et al. 1982).

Studies with laboratory animals have shown adverse effects on the brain,
kidneys, liver, testes, and spleen. These effects are generally seen at neurotoxic
concentrations or after repeated exposures at lower concentrations. In laboratory
animals, no-effect levels were 1,500 ppm for clinical signs in rats exposed for 6 h
(Dodd et al. 1982), 400 ppm for brain and spinal cord lesions in dogs exposed for
6 h/day, 5 days/week for 13 weeks (McKenna et al. 1981b), 400 ppm for cerebel-
lar lesions in female mice exposed for 5.5 h/day for 11 days (Landry et al. 1985),
1,500 ppm in rats and mice exposed for 6 h/day for 13 weeks (Mitchell et al.
1979), and 200 ppm for clinical signs and brain lesions in dogs and rats exposed
continuously for 3 days (Burek et al. 1981; McKenna et al. 1981a).

In reproduction studies with rats, exposures to methyl chloride that did not
cause inflammation of the epididymides did not affect reproduction. A nearly
72-h continuous exposure of dogs to methyl chloride at 500 ppm had no effect
on testicular weight or function (McKenna et al. 1981a). In developmental and
teratology studies, results were conflicting. In one study, exposures of mice to
methyl chloride at >500 ppm on gestation days 6-18 caused a reduced number of
papillary muscles of the tricuspid valve of the fetal heart (Wolkowski-Tyl et al.
1983b); whereas in a study performed in a slightly different manner, these mal-
formations were not observed (John-Green et al. 1985). However, it is possible
the critical day of heart development was not chosen in the latter study.

The cancer potential is low and species specific (Pavkov et al. 1981). Con-
sistent with the low cancer potential demonstrated in laboratory animals, alkyla-
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tion of DNA appears to be minimal. Mutagenicity is considered weak to moder-
ate. Although positive in dominant lethal assays, the effect appears to be secon-
dary to injury to a specific area of the epididymides.

4. SPECIAL CONSIDERATIONS
4.1. Metabolism and Disposition

Human and animal studies show that methyl chloride is rapidly absorbed
from the lungs (Andersen et al. 1980; Stewart et al. 1980; Landry et al. 1981,
1983; Nolan et al. 1985; ATSDR 1998). In humans exposed at up to 200 ppm,
steady state was reached during the first hour of exposure (Putz-Anderson et al.
1981a; Nolan et al. 1985; Lof et al. 2000). Methyl chloride is extensively dis-
tributed throughout the body, with greatest deposition in the liver, kidneys, and
testes (Kornbrust et al. 1982; Landry et al. 1983). This deposition, however,
might refer to metabolites. In the rat, methyl chloride is metabolized by conjuga-
tion with GSH to yield S-methylglutathione. Cleavage of the glutamic acid and
glycine moieties of GSH yields S-methylcysteine, and transamination and de-
carboxylation yields the mercapturic acid, methylthioacetic acid (Kornbrust and
Bus 1983). The latter sulfur-containing compounds can be excreted in the urine.
Methylthioacetic acid might be further metabolized to methanethiol which might
yield formaldehyde and formic acid via P-450 metabolism; the latter compounds
can enter the one-carbon pool or be excreted as carbon dioxide. The reaction
with GSH appears to be primarily enzyme catalyzed, probably by glutathione
transferase. Formation of formaldehyde appears to be a minor pathway. Human
kidneys lack detectable CYP2E1 protein which suggests that formaldehyde for-
mation might not occur in this organ. In summary, methyl chloride is rapidly
absorbed and metabolized (does not bioaccumulate) and is excreted as numerous
metabolites indistinguishable from normal metabolites.

The metabolite S-methylcysteine has been identified in the urine of occu-
pationally exposed humans (van Doorn et al. 1980), in humans during clinical
exposures (Nolan et al. 1985), and exposed rats (Landry et al. 1983). Urinary S-
methylcysteine excretion is extremely variable in human subjects and is not a
good indicator of the concentrations to which subjects are exposed (Nolan et al.
1985). Methylmercapturic acid was not detectable in the urine of exposed work-
ers (van Doorn et al. 1980). In the rat, the metabolite '*CO, may account for
nearly 50% of inhaled '*C-labeled methyl chloride (Kornbrust and Bus 1983).
Unmetabolized methyl chloride is excreted via the lungs in human subjects
(Stewart et al. 1980; Nolan et al. 1985; Lof et al. 2000).

4.2. Blood Concentrations and Pharmacokinetic Models

Blood and alveolar-air concentrations of methyl chloride are difficult to
correlate with exposure (ATSDR 1998). Differences in uptake between indi-
viduals (Stewart et al. 1980; Nolan et al. 1985; Lof et al. 2000), as well as dif-

Copyright © National Academy of Sciences. All rights reserved.



Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 12

258 Acute Exposure Guideline Levels

ferences in measurement methods (Nolan et al. 1985), might be responsible for
the lack of correlation.

The pharmacokinetics of methyl chloride in six male subjects exposed at
10 or 50 ppm were studied by Nolan et al. (1985). Air concentrations of methyl
chloride in the test chamber were compared with venous-blood and expired-air
concentrations. Blood concentrations increased rapidly and reached a plateau
during the first hour of exposure and were proportional to the exposure concen-
tration. On the basis of blood and expired-air concentrations, the subjects could
be divided into two distinct groups. Two of the subjects had blood concentra-
tions three-fold greater than the other subjects. At 10 ppm, blood concentrations
were approximately 30 and 8 ng/mL in the two groups and, at 50 ppm, blood
concentrations were approximately 100 and 35 ng/mL (values read from
graphs). Blood:air partition coefficients of 2.1 and 2.5 were calculated for the
groups with the higher and lower blood values exposed at 10 ppm, respectively.
At 50 ppm, blood:air partition coefficients of 1.7 and 1.8 were calculated for the
respective groups. Following a single breath of methyl chloride at 500 ppm, held
for 20 seconds, blood:air and serum:air partition coefficients were both 0.8
(Morgan et al. 1970). In the Nolan et al. (1985) study, expired-air concentrations
exhibited the same temporal uptake; differences in expired-air concentrations
were two-fold between the two groups, with higher concentrations in the group
with the greater uptake. In slow and rapid metabolizers, expired air contained
30-40% or 70% of the concentration in inhaled air, respectively. Absorption
rates of 1.4 pg/min/kg (slow metabolizers) and 3.7 pg/min/kg (rapid metaboliz-
ers) were calculated using a two-compartment model. Elimination was rapid in
both groups after exposure ended. Elimination was more rapid in volunteers
with the lower blood and expired-air concentrations. The authors explained the
difference in the two groups by a two-fold difference in the rate at which they
metabolized methyl chloride. They considered the difference of questionable
toxicologic significance.

In a second controlled chamber study, breath and venous-blood samples
were taken before exposure, immediately after exiting from the exposure cham-
ber, and 15- and 30-min after exposure (Stewart et al. 1980). Subjects were ex-
posed at 0, 20, 100, or 150 ppm for 1, 3, or 7.5 h (see study description details in
Section 2.3). Blood and breath concentrations varied among individuals and, to a
lesser degree, among days. For male subjects with low uptake (see Section 4.2),
the mean breath concentrations measured 1 min after exposure to methyl chlo-
ride at 100 ppm for 1, 3, or 7.5 h were 33 (1 subject), 40, and 44 ppm, respec-
tively. Two male subjects had considerably higher alveolar concentrations (up to
77 ppm). Weekly measurements of breath concentrations of methyl chloride in
females with low uptake ranged from 33 to 47 ppm, with no correlation to expo-
sure duration. Only one of the nine females was a “high-level responder” (up to
76 ppm). At 100 ppm for 7.5 h, blood concentrations pre-exit ranged from 0.1 to
1.3 ppm in low-responder males. Two males with higher alveolar concentrations
(one each in the 1- and 3-h exposure groups) also had higher blood concentra-
tions, 9.8 ppm after 1 h and 15.1 ppm after 3 h. Blood concentrations dropped
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rapidly during the 15-min post-exposure period, and methyl chloride concentra-
tion in expired air dropped so rapidly as to be of little or no value in quantifying
exposure. In four low-responder females exposed at 100 ppm for 7.5 h, the aver-
age pre-exit blood concentration was 6 ppm. Concentrations for the high-level
female responder were 5 and 18 ppm on two different occasions.

The average venous-blood concentrations of methyl chloride in 24 healthy
male and female subjects exposed at 100 or 200 ppm for 3 h were 36 and 63
ppm, respectively (Putz-Anderson et al. 1981a). Three of the individuals ex-
posed at 200 ppm had breath concentrations greater than 100 ppm (50% of the
exposure concentration). Blood concentrations for the respective exposures were
11.5 and 7.7 ppm. In a second study (Putz-Anderson et al. 1981b), the breath
and blood concentrations of male and female subjects exposed at 200 ppm were
74 and 14.5 ppm. The number of high and low responders was not cited, but
breath and blood standard deviations of the mean were 43 and 100%, respec-
tively.

Blood concentrations also were studied in 24 subjects who differed in glu-
tathione-S-transferase (GST) genotype (Lof et al. 2000). At a concentration of
10 ppm, blood concentrations were similar in individuals with high, intermedi-
ate, and low GSH activity (0.5-0.6 umoL/L); however, uptake was greater and
clearance was more rapid in the group with high GSH activity.

The average concentration of methyl chloride in the blood of five beagles
exposed at 15,000 ppm over a 6-h period was 6.1 mg% (von Oettingen et al.
1949). Concentrations ranged from 5.1 mg% at 10 min to 7.3 mg% at 240 min.
While exposed at 40,000 ppm for 4 h, blood concentrations rose from 12.0 mg%
at 10 min to 18.9 mg% at 150 min.

Andersen et al. (1980) determined the kinetic constants for metabolism of
inhaled methyl chloride in male F344 rats. Exposure concentrations were not
specified (however, for the related chemical, methyl bromide, concentrations
were 100, 100, 3,000, and 10,000 ppm); chamber depletion measurements were
taken every 10 min for 180 min. Methyl chloride exhibited a mixed-form rate
curve, possessing both a saturable and a first-order component. However, the
overall uptake rate from first-order processes was negligible and all of the ob-
served uptake was accounted for by the saturable term. Saturation dependence
appeared to be associated with enzymatic metabolism. Data were transformed
by modified Eadie-Hofstee plots to calculate the inhalational K, (the ambient
concentration at which uptake proceeds at half the maximum rate) and the inha-
lational V,,x (the maximum rate of uptake). The authors developed a four-
compartment, steady state, pharmacokinetic model to describe gas uptake in
general. K, was 640 ppm and V,,x was 120 ppm.

In male F344 rats and beagles exposed at 50 or 1,000 ppm for 3 h, blood
concentrations rapidly reached steady-state concentrations which were propor-
tional to the exposure concentration (Landry et al. 1983). Blood concentrations
were similar in the two species at each concentration (values were slightly
higher for the rat than the dog). A linear two-compartment model with zero or-
der uptake and first-order output described methyl chloride pharmacokinetics in
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both species. Apparent steady-state blood values after exposure to methyl chlo-
ride at 50 or 1,000 ppm were 160 and 3,690 ng/g (dogs) and 194 and 3,930 ng/g
(rats). The total areas under the blood-concentration curve (AUCs) were 70 and
3,930 pg/g/min for rats exposed at 50 and 1,000 ppm for 6 h, and 28 and 659
pg/g/min for dogs exposed at 50 and 1,000 ppm, respectively, for 3 h. The
AUC:s estimated for rats at 3 h are 35 and 710 pg/g/min, respectively. There was
no indication of saturable metabolism based on blood concentrations. End-
exposure blood concentrations for dogs were approximately 20-fold greater at
1,000 ppm compared with 50 ppm, reflecting the ratio of exposure concentra-
tions. Metabolism ratios, normalized to body weight, were similar for the rat and
dog.

Landry et al. (1983) and Nolan et al. (1985) reported that the relative
steady-state blood concentrations of methyl chloride after a 3-h exposure was
194 ng/g in rats, 160 ng/g in dogs, 100 ng/g in rapidly metabolizing humans, and
35 ng/g in slowly metabolizing humans. The rat absorbed 10 pg/min/kg, and
humans absorbed 3.7 pg/min/kg (rapid metabolizers) and 1.4 pg/min/kg (slow
metabolizers).

4.3. Mechanism of Toxicity

Acute CNS effects might be from methyl chloride (this compound was
once used as an anesthetic in combination with other anesthetics), but rapid me-
tabolism probably limited its efficacy as an anesthetic.

Recent reviews state that the mechanism of neurotoxicity from methyl
chloride is unclear, but most probably involves the metabolism of methyl chlo-
ride (i.e., the conjugation of methyl chloride with GSH). Acute exposures of rats
and mice cause significant reductions in GSH concentrations in numerous or-
gans, including the liver, kidneys, lungs, and brain (Dodd et al. 1982; Landry et
al. 1983; Kornbrust and Bus 1984). A 6-h exposure of male F344 rats to methyl
chloride at 1,500 ppm decreased the nonprotein sulthydryl (primarily GSH) con-
tent of liver, kidney, and lungs to 17, 27, and 30% of control values, respectively
(Dodd et al. 1982). At 500 ppm, values were 41, 59, and 55% of control values,
respectively. At 1,500 ppm, recoveries to control concentrations occurred within
8 h. There were no changes in tissue GSH following a 6-h exposure to methyl
chloride at 100 ppm. Blood concentrations of nonprotein sulthydryl were not
affected by the exposures. In a related study with male F344 rats, brain concen-
trations of GSH were reduced to a much lesser extent compared with the liver
and kidney (Kornbrust and Bus 1984). The same tissues of male B6C3F; mice
were affected to a much greater degree. In another study, tissue nonprotein sulf-
hydryl in the liver, kidney, testis, and epididymis of rats decreased in a concen-
tration-dependent manner in rats exposed at 225, 600, or 1,000 ppm for 6 h
(Landry et al. 1983). No significant decreases of GSH were observed in the
brain or blood.
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Inhibition of GSH conjugation decreases the toxicity of methyl chloride
(White et al. 1982; Chellman et al. 1986b). Mice exposed to methyl chloride at
1,500 ppm for 6 h/day, 5 days a week for 2 weeks developed multiple degenera-
tive, necrotic foci in the internal granule cell layer of the cerebellum. Tremors,
ataxia, and forelimb and hindlimb paralysis were associated with the cerebellar
damage. Pretreatment of mice with buthionine-S,R-sulfoxime, a GSH depleter,
protected mice from the cerebellar degeneration. Methanethiol and formalde-
hyde have been suggested as the toxic metabolites. Treatment of mice with
methanethiol produces the same CNS symptoms of tremors, convulsion, and
coma, as seen in animals and humans acutely intoxicated with methyl chloride
(Heck et al. 1982; Kornbrust and Bus 1983; Chellman et al. 1986b).

Methyl chloride induces dominant lethal effects in several strains of rats.
The mechanism of reproductive toxicity appears attributable to cytotoxic effects
on sperm in the testes and to the effects of genotoxic oxidative metabolites re-
sulting from an induced inflammatory response in the epididymides (Working et
al. 1985b; Chellman et al. 1986¢). Using both male and female F344 rats and
male and female B6C3F, mice exposed to methyl chloride at 1,000 ppm for 6
h/day for 4 days, Jager et al. (1988) found no biochemical sex differences in
enzymatic transformation with respect to formaldehyde dehydrogenase or for-
maldehyde-induced genetic damage that would explain tumor formation. Mice,
which have higher GSH activity in the kidneys than other species, appear to be
more susceptible to methyl chloride.

Although the exact mechanism of action of methyl chloride is unclear, it
appears to involve GSH depletion in target tissues and the production of toxic
metabolites, such as formaldehyde or methanethiol, as well as lipid peroxida-
tion. A lack of GSH might impair the ability of tissues to suppress lipid peroxi-
dation reactions (Kornbrust and Bus 1984). The buildup of leukotrienes also has
been suggested as a toxic mechanism of action. Under conditions of GSH deple-
tion, 5-hydroperoxicoso-tetraenoic acid, the immediate precursor of leukotrie-
nes, accumulates in the tissues. Leukotrienes are potent vasoconstrictors, and
cause increased capillary permeability and tissue edema (AIHA 2003). Pre-
treatment of male F344 rats with the anti-inflammatory agent BW755C pre-
vented inflammatory lesions of the brain, kidney, liver, and testis after exposure
to methyl chloride at 5,000 ppm for 5 days (Chellman et al. 1986a).

A suggested mechanism of action for renal tumors in male mice is GSH
depletion in the target tissue, increased lipid peroxidation, and formation of for-
maldehyde-induced DNA lesions (Bolt and Gansewendt 1993). Once GSH is
depleted in the tissues, the alternate oxidative pathway via P-450 leads to forma-
tion of formaldehyde. Renal microsomes of male mice are more active than
those of females in transforming methyl chloride to formaldehyde (Jager et al.
1988). Although Jager et al. (1988) did not observe increased formaldehyde
concentrations in mouse liver or kidneys after a single, 8-h exposure at 1,000
ppm or increased DNA protein crosslinks after 4 days of exposure at 1,000 ppm,
Ristau et al. (1989) observed an increase in DNA-protein crosslinks immediately
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after an 8-h exposure. These crosslinks were attributed to the action of formal-
dehyde and were rapidly repaired.

4.4. Structure-Activity Relationships

von Oettingen et al. (1950) compared the toxicity of methyl chloride with
that of dichloro-, trichloro-, and tetrachloro-methane in an unidentified strain of
mice. The 7-h LC;s, values were 3,080, 16,186, 5,761, and 9,528 ppm, respec-
tively. The authors noted that methyl chloride had little narcotic action com-
pared with the other chlorinated methanes. In the same study, dogs were found
to be more susceptible to trichloromethane than methyl chloride, as measured by
survival when exposed at 15,000 ppm.

For halogenated methanes, toxicity increases in the order methyl chloride,
methyl bromide, and methyl iodide, but all produce similar toxic syndromes in
man (Gosselin et al. 1984). However, few studies using comparable concentra-
tions and exposure durations were available to make comparisons.

4.5. Other Relevant Information
4.5.1. Species Variability

There are differences in the rate at which species metabolize methyl chlo-
ride. The kinetics of methyl chloride in man are similar to those described for
the rat and dog (Landry et al. 1983; Nolan et al. 1985). Blood concentrations
reached a plateau during the first hour of exposure in all species and elimination
was rapid once the exposures were terminated. Blood concentrations in slow
human metabolizers reach a plateau at 60% of those found in the rat and 70% of
those found in the dog. Post-exposure elimination was most rapid in the rat (t;,
= 15 min). The dog and rapid human metabolizers eliminated methyl chloride at
the same rate (t;» = 50 min), and the slow human metabolizers eliminated at the
slowest rate (t;, = 90 min). During exposures to methyl chloride at 50 ppm, the
rat absorbed 10 pg/min/kg whereas the rapid and slow human metabolizers ab-
sorbed 3.7 and 1.4 pg/min/kg. According to Nolan et al. (1985), differences in
the pharmacokinetics between these three species were adequately explained by
the differences in respiratory minute-volume and basal-metabolic rates (rat >
dog > man). Using measurements of liver and kidney cytosol, Thier et al. (1998)
placed the metabolism of methyl chloride in the following order: B6C3F,; female
mouse > B6C3F; male mouse > F344 rat > hamster. Activity was two to seven
times greater in liver cytosol than in kidney cytosol.

As noted in several laboratory studies, mice are more susceptible to the
toxic effects of methyl chloride than rats. In both control and exposed animals
(1,000 ppm, 6 h/day for 4 days), specific activity of GST was greater in the liv-
ers of male B6C3F, mice than in female mice (by a factor of 2) and greater in
the livers of male mice than in F344 rats of either sex (by a factor of 3). GST
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activity was similar in the kidneys of male and female mice. Formaldehyde de-
hydrogenase (FDH) activity was higher in the liver and kidneys of mice than in
rats. There were no sex differences in activity of FDH. Exposure to methyl chlo-
ride at1,000 ppm for 1 or 4 days reduced the activity of GST in the kidneys of
male mice by approximately 10%; activity levels in the livers of male mice and
kidneys of female mice and male and female rats did not change (Jager et al.
1988). In in vitro assays, sex-, strain- and species-specific differences in bioacti-
vation of methyl chloride by cytochrome P-450 was seen in the liver and kid-
neys of rats and mice (Dekant et al. 1995). In kidney microsomes, the rate of
oxidation of methyl chloride in mice was significantly greater in males than in
females, and in rats of both sexes than in mice. The rate of oxidation in kidney
microsomes was faster in CD-1 mice and NMRI mice than in C3H/He or
C57BIl/6J mice. Oxidative dechlorination of methyl chloride via the P-450 sys-
tem might lead to the formation of formaldehyde.

The available data for the related chemical, methyl bromide, allowed
comparisons between rats and mice. Where data were available for the same
exposure durations, mice were more susceptible to the lethal effects of methyl
bromide than rats (see Chapter 5). On the basis of 30-min and 1- and 4-h LCs,
values, the mouse is two-fold more sensitive to methyl bromide than the rat.
This increased sensitivity may be related to the higher concentrations of GST
found in mouse tissues (Griem et al. 2002). Increased sensitivity might also be a
reflection of the higher respiratory rate of mice compared with rats.

Erythrocyte cytoplasm of rats, mice, Rhesus monkeys, cows, pigs, and
sheep does not metabolize monohalomethanes, whereas the erythrocyte cyto-
plasm of approximately 60% of humans does (Redford-Ellis and Gowenlock
1971; Peter et al. 1989). Lack of erythrocytic metabolism might explain the
rapid equilibrium between the gas phase of methyl chloride and methyl bromide
and concentrations in whole blood of rats observed in pharmacokinetic studies.

For the related chemical, methyl bromide, the available data indicate that
rabbits are more sensitive than rats or guinea pigs. Guinea pigs and rats with-
stood 6-month exposures to methyl chloride at 66 ppm without demonstrable
effects, but rabbits became paralyzed (Irish et al. 1940). A similar result was
observed in a more recent study (Anger et al. 1981). Rabbits exposed at 65 ppm
began to lose weight by the third week of exposure and eyeblink responses and
nerve conduction velocity in rabbits were significantly reduced. Rats were unaf-
fected under the same exposure regime. Maternal toxicity was high in pregnant
rabbits exposed to methyl bromide at 70 ppm before mating and through gesta-
tion, whereas no maternal toxicity was evident in rats exposed under the same
scenario (Sikov et al. 1981; Hardin et al. 1981).

Methyl bromide was specifically toxic to the olfactory epithelium of the
rat, whereas the other nasal epithelia were unaffected (Hurtt et al. 1988). Histo-
chemical techniques revealed degeneration of the sensory and sustentacular cells
but not the basal cells from which the former cells are regenerated. This was a
reversible effect as the basal cells were not affected. The olfactory region (dorsal
meatus) of rats is highly exposed to chemicals because of the air-flow character-
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istics in the nasal turbinates. In rodents, an inhaled vapor traverses a few milli-
meters of resistant respiratory epithelium before reaching sensitive olfactory
tissue; whereas, in humans, an inhaled vapor has to traverse several centimeters
and a much larger surface area of respiratory epithelium to reach the olfactory
tissue. A mathematical model based on a combination of computational fluid
dynamics and physiologically-based pharmacokinetics showed that the dorsal
meatus region of the rat nose receives 12-20% of the inhaled air (Bush et al.
1998; Frederick et al. 1998). A comparison with airflow patterns in the human
nose shows that the olfactory epithelium in the dorsal meatus region of the nasal
cavity of the rat is exposed at two- to three-fold greater concentrations of chemi-
cals. Therefore, compared with the rat, it is likely that higher concentrations of
methyl bromide would be required to induce this lesion in humans.

Comparison of data from in vitro and in vivo studies indicates that GST
enzymes are much lower in human tissues (liver and lung) than in mice or rats
(Andersen et al. 1987; Reitz et al. 1989). The data are consistent with the hy-
pothesis that the rate of activation of mono- and di-halomethanes to toxic me-
tabolites by the GST pathway occurs much more slowly in humans than in ro-
dents. Jager et al. (1988) investigated the concentration of GSH in rodent
tissues. Activities of GSH were 2-3 times greater in the liver of male B6C3F,
mice than in female mice or F344 rats of both sexes. Griem et al. (2002) com-
piled rodent-to-human ratios of GST activity in various tissues. Ratios of rat-to-
human and mouse-to-human GST activity in liver are 3.95 and 7.64, respec-
tively. On the other hand, nonprotein sulthydral content (primarily GSH) is
similar in human, monkey, and rat tissues on a pmol/mL of tissue basis (Freder-
ick et al. 2002). This was true for major organs, but not nasal tissue. Nonprotein
sulfhydral content was greater in the nasal tissues of rats than humans.

4.5.2. Susceptible Populations

Interindividual variation in the rate of metabolism of methyl chloride has
been observed in humans. At least two distinct populations of humans with dif-
ferent rates of metabolism of methyl chloride have been identified (Nolan et al.
1985; ATSDR 1998; WHO 2000). Differences in metabolic rate are attributed to
the genetic polymorphism of GST. Depending on the presence or absence of
GST, humans may be “fast metabolizers” or “slow metabolizers” of methyl
chloride. There might be a third phenotype, non-conjugators (Warholm et al.
1994; Lof et al. 2000). Fast metabolism might lead to the formation of toxic
metabolites that can exert their action before they can be eliminated. Slow me-
tabolizers would be expected to be less susceptible to the toxic effects of methyl
chloride. Because the elimination of methyl chloride is rapid in both popula-
tions, the difference is of questionable toxicologic significance. In addition,
Nolan et al. (1985) noted that an exposure to methyl chloride at 50 ppm for 6 h
did not affect blood GST concentrations of either population.
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Among Caucasians, the majority of individuals possess at least one copy
of the GST gene; 10-25% are non-conjugators (Warholm et al. 1994; Nelson et
al. 1995; Kempkes et al. 1996). Approximately 60% of Asians lack the gene
(Nelson et al. 1995).

Some forms of GST are present in the human fetal liver and other forms
are present at birth at a low rate and increase after birth (Cresteil 1998).

As noted in ATSDR (1998), populations that have kidney or liver disease,
anemia, or neurologic deficits might be more susceptible to the toxic effects of
methyl chloride. Persons with a deficiency of glucose-6-phosphate dehydro-
genase might have reduced concentrations of GSH (Bloom and Brandt 2001).
Additionally, accidental exposures suggest that infants are more susceptible than
adults (Langard et al. 1996). However, in the latter case, death of an infant was
from acute pneumonia resulting from vomiting and aspiration after methyl bro-
mide inhalation.

4.5.3. Concentration-Exposure Duration Relationship

At constant concentrations of methyl chloride at <200 ppm, the highest
concentration in clinical studies, blood concentrations reach steady state within
1 h (Putz-Anderson et al. 1981a). A similar relationship between air and blood
values was observed in animal studies.

4.5.4. Concurrent Exposure Issues

Putz-Anderson et al. (1981a,b) assessed the behavioral effects of inhaled
methyl chloride alone (200 ppm for up to 3.5 h) or in combination with 10 mg
oral diazepam (a CNS depressant), alcohol (0.8 mL/kg), or caffeine (3 mg/kg).
Subjects were groups of 8 or 12 healthy males and females, ages 18 to 32 years.
Three performance tests (visual vigilance, dual task, and time discrimination),
designed to test attention or alertness, were administered before and during the
treatment period. Exposure to methyl chloride at 200 ppm produced little or no
behavioral impairment, whereas diazepam and alcohol alone produced a 10%
(statistically significant) impairment. Caffeine produced a small, but significant
impairment on only one test. When the drugs were administered in combination
with methyl chloride, the effect was equivalent to the sum of the separate effects
(there were no behavioral interactions).

5. DATA ANALYSIS FOR AEGL-1
5.1. Summary of Human Data Relevant to AEGL-1

There are few data on acute exposures to methyl chloride. In well-
conducted clinical studies, methyl chloride at 10 ppm for 2 h (Lof et al. 2000),
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10 or 50 ppm for 6 h (Nolan et al. 1985), 100 ppm for 7.5 h/day for 5 days
(Stewart et al. 1980), 150 ppm for 7.5 h/day for 2 days (Stewart et al. 1980), or
200 ppm for 3.5 h (Putz-Anderson et al. 1981b) produced no discernible irritant
or neurotoxic effects in human subjects. Both male and female subjects were
tested, exercise was incorporated into the protocol of the Stewart et al. (1980)
study, and adequate numbers of subjects were tested.

In reports of accidental exposures, the threshold for neurotoxic symptoms
such as blurred vision and sleepiness appeared to be 1,000-2,000 ppm (Mac-
Donald 1964). In occupational monitoring studies, chronic exposures to <200
ppm TWA (15-195 ppm) with peaks up to 500 ppm did not produce neurotoxic
symptoms, whereas prolonged exposures to a TWA >265 ppm for 12-16 h
workdays for 2-3 weeks resulted in neurologic symptoms (Dow Chemical Co.
1970, personal communication, as cited in ACGIH 2003; Scharnweber et al.
1974).

5.2. Summary of Animal Data Relevant to AEGL-1

Most animal studies of methyl chloride involved a repeat-exposure sce-
nario. In the only acute study, no clinical signs were observed in male F344 rats
exposed to methyl chloride at 100, 500, or 1,500 ppm for 6 h (Dodd et al. 1982).
No histopathologic examinations were performed in this study. No clinical signs
or tissue or organ lesions were observed in F344 rats exposed to methyl chloride
continuously at 200 ppm for 48 h (Burek et al. 1981). No microscopic lesions
were observed in rats exposed at 1,000 ppm for 6 h/day for 12 days (Morgan et
al. 1982). Mice were more sensitive than rats; some strains showed hepatocellu-
lar degeneration after exposure at 500 ppm for 6 h/day for 12 days (Morgan et
al. 1982). Lesions were not observed in other tissues. The no-effect concentra-
tion in rats, mice, and dogs exposed to methyl chloride for 6 h/day, 5 days/week
for 13 weeks was 400 ppm (McKenna et al. 1981b).

5.3. Derivation of AEGL-1 Values

No adverse neurotoxic effects were observed in a clinical study in which
healthy adults were given a single exposure to methyl chloride at 200 ppm for 3
or 3.5 h (Putz-Anderson et al. 1981a,b) or in a 5-day repeated exposure study of
exercising adults exposed at 150 ppm for 7.5 h/day (Stewart et al. 1980). The
subjects included both “fast” and “slow” metabolizers. The exposures failed to
elicit physiologic, neurologic, behavioral, or clinical symptoms. Furthermore, in
the absence of a clearly defined odor at the concentrations tested, the subjects
were unable to differentiate between control and exposure days. None of the
exposures produced mild, transient effects on which to base the AEGL-1 values.
Because methyl chloride has no clearly defined odor or warning properties at
concentrations that might be neurotoxic, AEGL-1 values are not recommended.
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6. DATA ANALYSIS FOR AEGL-2
6.1. Summary of Human Data Relevant to AEGL-2

No reliable human data on acute exposures to methyl chloride were avail-
able. Accidental exposures at chemical plants provide an indication of the
threshold for neurotoxic symptoms. In these reports, only workplace TWA con-
centrations were provided; personal monitors were not utilized. Most of the
cases involved repeat exposures. These data indicate that sleepiness, dizziness,
and blurred vision might occur at concentrations of 1,000-2,000 ppm, although
repeated exposure at 2,000-4,000 ppm induced similar symptoms; very short
exposures at 10,000 ppm also were tolerated with similar symptoms (Mac-
Donald 1964). Reports of accidental exposures at a chemical plant document
neurotoxic symptoms following a short exposure to methyl chloride at 1,000-
2,000 ppm, after work for several days in an area where the measured area con-
centration ranged from <25 to 1,600 ppm, during 13 days of exposure at 2,000-
4,000 ppm, and after brief excursions into an area where the measured concen-
tration was >10,000 ppm. Prolonged exposures to methyl chloride for 12-16 h
over several weeks at concentrations as low as 300 ppm might cause symptoms
in some workers (Scharnweber et al. 1974).

6.2. Summary of Animal Data Relevant to AEGL-2

Except for an acute exposure of F344 rats to methyl chloride at 1,500 ppm
for 6 h, which resulted in no clinical signs (Dodd et al. 1982), all other animal
studies involved repeat exposures. No clinical signs or tissue or organ lesions
were observed in rats exposed at 1,500 ppm for 6 h/day, 5 days/week for 90
days (Mitchell et al. 1979). Slight decrements in performance on a rotating rod
were observed in female mice exposed at 800 and 1,600 ppm for 5.5 h/day for 4
days, but not after 8 or 11 days of exposure (Landry et al. 1985). No brain or
spinal-cord lesions were observed in dogs exposed at 400 ppm for 5 h/day for 13
weeks (McKenna et al. 1981b).

6.3. Derivation of AEGL-2 Values

The AEGL-2 values for methyl chloride were based on several rat studies,
and a monitoring study was used as support. The basis for the AEGL-2 values
was the absence of clinical signs in rats exposed to methyl chloride at 1,500 ppm
for 6 h/day for 1 day (Dodd et al. 1982) or 90 days (Mitchell et al. 1979). Be-
cause of the greater blood uptake of methyl chloride by rodents compared with
humans (Landry et al. 1983; Nolan et al. 1985), an interspecies uncertainty fac-
tor of 1 was applied. Although humans differ in the rate at which they metabo-
lize methyl chloride, the difference does not appear to be toxicologically signifi-
cant (Nolan et al. 1985). Furthermore, most humans are rapid metabolizers, the
more susceptible group. Therefore, an uncertainty factor of 3 was considered
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appropriate for intraspecies differences. In the absence of time-scaling informa-
tion, the AEGL values were scaled using the equation C" x t= k, with default
values of n = 3 for shorter durations and n = 1 for longer durations (NRC 2001).
Because of the long exposure duration of the key study, the 10-min value was
set equal to the 30-min value (see Table 6-7). Accidental exposures to methyl
chloride at 1,000-2,000 ppm and repeated exposure at 2,000-4,000 ppm resulted
in transient symptoms of blurred vision, dizziness, headache, and nausea in
workers (MacDonald 1964). Exposure durations were not reported, but appeared
to be throughout the workday. The application of an intraspecies uncertainty
factor of 3 to the mean concentration of 1,500 ppm reported in this occupational
monitoring report results in a value of 500 ppm, which is similar to the 4- and 8-
h AEGL-2 values. Calculations are provided in Appendix A, and a category
graph of the human and animal toxicity data in relation to the AEGL values are
provided in Appendix B.

7. DATA ANALYSIS FOR AEGL-3
7.1. Summary of Human Data Relevant to AEGL-3

Although deaths have occurred from accidental exposures to methyl chlo-
ride, no reliable information on concentrations or exposure durations were avail-
able. Monitoring data indicate that healthy workers can withstand concentrations
of methyl chloride at 2,000-4,000 ppm for several days and brief excursions at
10,000 ppm (MacDonald 1964).

7.2. Summary of Animal Data Relevant to AEGL-3

Only one group of researchers has published recent data on lethality
(White et al. 1982; Chellman et al. 1986b). Older studies (before 1950) do not
meet current testing standards, although results are similar to those reported by
Chellman et al. (1986b). The LCs, values for methyl chloride in male and female
B6C3F, mice are 2,250 and 8,500 ppm, respectively (White et al. 1982; Chell-
man et al. 1986b). Few acute lethality data were available for the rat. Repeat
exposures of B6C3F; mice to methyl chloride at 1,000 ppm for 6 h/day for up to
12 days resulted in microscopic tissue lesions, but no deaths (Morgan et al.
1982). Similar results were observed when F344 rats were exposed to methyl
chloride at 5,000 ppm for 5 days, although one rat died following the last expo-
sure (Chellman et al. 1986a). The next highest concentration of 7,500 ppm for 6
h/day for 2 days resulted in 67% mortality during the 4-day post-exposure pe-
riod (Chellman et al. 1986a).

TABLE 6-7 AEGL-2 Values for Methyl Chloride

10 min 30 min 1h 4h 8h

1,100 ppm 1,100 ppm 910 ppm 570 ppm 380 ppm
2277 mg/m’) (2,277 mg/m®) (1,884 mg/m®) (1,180 mg/m’) (787 mg/m’)
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7.3. Derivation of AEGL-3 Values

Data on lethality are limited to LCs, values for the mouse, a particularly
sensitive species. Because of the higher respiratory rate in mice and the higher
concentrations of GSH in mouse liver and kidney, particularly the male mouse,
compared with human tissues, the mouse is not considered an appropriate surro-
gate for human response to methyl chloride. On the basis of data from a moni-
toring study in which humans withstood repeated exposures to methyl chloride
at 1,000-4,000 ppm, the 6-h LCs, of 2,200 ppm in male mice is not realistic for
application to humans.

Two studies reported no deaths in rats during the first 4 days of 5- and 12-
day exposures to methyl chloride at 5,000 ppm for 6 h/day (Morgan et al. 1982;
Chellman et al. 1986a). Chellman et al. (1986a) reported that 1/5 rats died fol-
lowing the fifth day of exposure. Morgan et al. (1982) reported that no deaths
occurred in a 12-day exposure study, although 6/10 males and 5/10 females ex-
posed at 5,000 ppm (6 h/day) and 2/10 females exposed to 3,500 ppm (6 h/day)
were moribund and were killed after the fifth day of exposure. Thus, similar
responses (death or near death) were observed in both studies. However, since a
single 6-h exposure to methyl chloride at 5,000 ppm did not produce death in
either study, this value was considered the point-of-departure for lethality. As
was done for the AEGL-2 values, interspecies and intraspecies uncertainty fac-
tors of 1 and 3, respectively, were applied. Time-scaling was performed using
the equation C" x t= k, with n = 1 for longer durations and n = 3 for shorter du-
rations (NRC 2001). Because of the long exposure duration in the key studies,
the 10-min value was set equal to the 30-min value (see Table 6-8). Calculations
are provided in Appendix A, and a category graph of the toxicity data in relation
to AEGL values are provided in Appendix B.

8.2. Comparison with Other Standards and Guidelines

Standards and guidelines for methyl chloride are summarized in Table 6-
10. The American Industrial Hygiene Association did not derive a level-1 emer-
gency response planning guideline (ERPG-1) for methyl chloride “because the
odor threshold is greater than 200 ppm” (AIHA 2003). The 1-h ERPG-2 value of
400 ppm is one-half of the 1-h AEGL-2 value. The basis for the ERPG-2 value
was several studies with laboratory animals; in particular, the basis was the no-
observed effect level of 400 ppm for clinical signs and tissue lesions in rats,
mice, and dogs exposed for 6 h/day, 5 days/week for 13 weeks (McKenna et al.
1981b). The AEGL-2 is based on a combination of human and animal data, but

TABLE 6-8 AEGL-3 Values for Methyl Chloride
10 min 30 min lh 4h 8h

3,800 ppm 3,800 ppm 3,000 ppm 1,900 ppm 1,300 ppm
(7,866 mg/m®) (7,866 mg/m’) (6,210 mg/m*) (3,933 mg/m®) (2,691 mg/m’)
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particularly on the single and repeat exposures to methyl chloride at 1,500 ppm.
The ERPG-3 was based on LCs, values for the mouse and rat which were appar-
ently reduced by a factor of 2. The mouse and rat are more sensitive to methyl
chloride than humans; therefore, although the AEGL-3 values were based on
animal data, values were chosen that were supported by occupational exposure
data.

8. SUMMARY OF AEGLS
8.1. AEGL Values and Toxicity Endpoints

AEGL values are listed in Table 6-9. A derivation summary is provided in
Appendix C.

The NIOSH immediately dangerous to life and health (IDLH) value for
methyl chloride is 2,000 ppm (NIOSH 1994). The IDLH is based on the report
by MacDonald (1964) that a worker exposed to methyl chloride at 2,000 to
4,000 ppm for 13 days became sleepy and dizzy during the first week. A second
worker exposed at 1,000-2,000 ppm during the workshift experienced dizziness,
blurred vision, headache, nausea, and vomiting. The same study was used as
support for the AEGL-3 values.

Chronic workplace standards for methyl chloride are lower than the AEGL
values, and range from 25 ppm to 50 ppm. ACGIH (2003) noted that an expo-
sure to methyl chloride at 100 ppm would be without health effects, but reduced
the value to 50 ppm on the basis of a potentially limited margin of safety.
ACGIH also recognized that repeated exposures might lead to cumulative ef-
fects. The German maximum workplace concentration (i.e., MAK) carries car-
cinogen, pregnancy, and skin absorption notations.

TABLE 6-9 Summary of AEGL Values for Methyl Chloride

Classification 10 min 30 min l1h 4h 8h
AEGL-1 NR* NR* NR* NR* NR*
(nondisabling)
AEGL-2 1,100 ppm 1,100 ppm 910 ppm 570 ppm 380 ppm
(disabling) (2,277 (2,277 (1,884 (1,180 (787
mg/m°) mg/m’) mg/m’) mg/m’) mg/m’)
AEGL-3 3,800 ppm 3,800 ppm 3,000 ppm 1,900 ppm 1,300 ppm
(lethal) (7,866 (7,866 (6,210 (3,933 (2,691
mg/m’) mg/m’) mg/m’) mg/m’) mg/m’)

“AEGL-1 values are not recommended (NR) because methyl chloride has no odor or
warning properties at concentrations that may be neurotoxic.

Copyright © National Academy of Sciences. All rights reserved.



Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 12

Methyl Chloride 271

TABLE 6-10 Extant Standards and Guidelines for Methyl Chloride

Exposure Duration

Guideline 10 min 30 min 1h 4h 8h
AEGL-1 NR* NR* NR NR* NR
AEGL-2 1,100 ppm 1,100 ppm 910 ppm 570 ppm 380 ppm
AEGL-3 3,800 ppm 3,800 ppm 3,000 ppm 1,900 ppm 1,300 ppm
ERPG-1 (ATHA) NA
ERPG-2 (AIHA) 400 ppm
ERPG-3 (AIHA) 1,000 ppm
IDLH (NIOSH)* 2,000 ppm
TLV-TWA 50 ppm
(ACGIH)! (skin
notation)”
REL-TWA Lowest
(NIOSHY feasible
concentration
PEL-TWA 100 ppm
(OSHA)*
PEL-C 200 ppm;
(OSHAY" 300 ppm
(5-min
maximum
peak in any
3h)
TLV-STEL 100 ppm
(ACGIH)
MAK v 50 ppm
(Germanyy (skin
notation)”
MAK Peak Limit Excursions
(Germany)* of 15 min
duration at
twice the
MAK may
take place 4
times/work
shift at 1-h
intervals
MAC 25 ppm
(The Netherlands)’

“AEGL-1 values are not recommended (NR) because methyl chloride has no odor or
warning properties at concentrations that may be neurotoxic.

’ERPG (emergency response planning guidelines, American Industrial Hygiene Associa-
tion (AIHA 2003).

The ERPG-1 is the maximum airborne concentration below which it is believed nearly all
individuals could be exposed for up to 1 h without experiencing other than mild, transient
adverse health effects or without perceiving a clearly defined objectionable odor.
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The ERPG-2 is the maximum airborne concentration below which it is believed nearly all
individuals could be exposed for up to 1 h without experiencing or developing irreversi-
ble or other serious health effects or symptoms that could impair an individual’s ability to
take protective action.

The ERPG-3 is the maximum airborne concentration below which it is believed nearly all
individuals could be exposed for up to 1 h without experiencing or developing life-
threatening health effects.

‘IDLH (immediately dangerous to life or health, National Institute for Occupational
Safety and Health) (NIOSH 1994) represents the maximum concentration from which
one could escape within 30 min without any escape-impairing symptoms or any irre-
versible health effects.

¢ TLV-TWA (threshold limit value - time weighted average, American Conference of
Governmental Industrial Hygienists) (ACGIH 2003) is the time-weighted average con-
centration for a normal 8-h workday and a 40-h workweek, to which nearly all workers
may be repeatedly exposed, day after day, without adverse effect.

‘Dermal absorption might contribute substantially to systemic intoxication.

'REL-TWA (recommended exposure limit - time weighted average, National Institute for
Occupational Safety and Health) (NIOSH 2010) is defined analogous to the ACGIH
TLV-TWA.

SPEL-TWA (permissible exposure limit — time weighted average, Occupational Safety
and Health Administration) (NIOSH 2010) is defined analogous to the ACGIH TLV-
TWA, but is for exposures of no more than 10 h/day, 40 h/week.

"PEL-C (permissible exposure limit-ceiling, Occupational Safety and Health Administra-
tion) (NIOSH 2010) is a value that must not be exceeded during any part of the workday.
"TLV-STEL (threshold limit value - short-term exposure limit, American Conference of
Governmental Industrial Hygienists) (ACGIH 2003) is defined as a 15-min TWA expo-
sure which should not be exceeded at any time during the workday even if the 8-h TWA
is within the TLV-TWA. Exposures greater than the TLV-TWA and up to the STEL
should not be longer than 15 min and should not occur more than four times per day.
There should be at least 60 min between successive exposures in this range.

/MAK (maximale arbeitsplatzkonzentration [maximum workplace concentration]) [Ger-
man Research Association (DFG 2003)] is defined analogous to the ACGIH TLV-TWA.
"MAK spitzenbegrenzung (peak limit) [German Research Association (DEG 2003)] con-
stitutes the maximum average concentration to which workers can be exposed for a pe-
riod up to 30 min with no more than two exposure periods per work shift; total exposure
may not exceed 8-h MAK.

'MAC (maximaal aanvaarde concentratic [maximal accepted concentration]) (Dutch Ex-
pert Committee for Occupational Standards, The Netherlands) (MSZW 2004) is defined
analogous to the ACGIH TLV-TWA.

Abbreviations: NA, not applicable; NR, not recommended.

8.3. Data Adequacy and Research Needs

The data from two well-conducted clinical studies define a no-effect con-
centration in healthy adults, and additional data were available from monitoring
studies. Because there is inherent uncertainty in monitoring data, AEGL-2 and
AEGL-3 values were based on both animal toxicity data and human monitoring
studies. Most animal toxicity studies used a repeat-exposure scenario. Using
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such studies for assess single exposures provides a margin of safety for AEGL-2
and AEGL-3 values. Although the neurotoxic mechanism of action of methyl
chloride is not completely understood, metabolism is similar in various species
and rate of metabolism appears related to body size and respiratory rate. Data
were available on relative uptake and blood concentrations among species.
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APPENDIX A
DERIVATION OF AEGL VALUES FOR METHYL CHLORIDE

Derivation of AEGL-1 Values

AEGL-1 values are not recommended because methyl chloride has no
odor or warning properties at concentrations that might be neurotoxic.

Derivation of AEGL-2 Values

Key studies: Mitchell, R.I., K. Pavkov, R.M. Everett,
and D.A. Holzworth. 1979. A Ninety Day
Inhalation Toxicology Study in F-344 Albino Rats
and B6C3F1 Mice Exposed to Atmospheric
Methyl Chloride Gas. Battelle Columbus
Laboratories for the Chemical Industry Institute of
Toxicology, Research Triangle Park, NC.
Microfiche No. OTS0205952.

Dodd, D.E., J.S. Bus, and C.S. Barrow. 1982.
Nonprotein sulfhydryl alterations in F-344 rats
following acute methyl chloride inhalation.
Toxicol. Appl. Pharmacol. 62(2):228-236.

Toxicity end point: No clinical signs in rats exposed at 1,500 ppm
for 6 h.
No clinical signs in rats exposed at 1,500 ppm
for 6 h/day, 5 days/week for 90 days.

Time scaling: C" x t =Kk, default values of n =3 for shorter
exposure durations and n = 1 for longer exposure
durations.

(1,500 ppm/3)°’ x 360 min = 4.5 x 10'° ppm’-min
(1,500 ppm/3) x 360 = 1.8 x 10° ppm-min

Uncertainty factors: 1 for interspecies differences; uptake is greater in
rats than in humans.
3 for intraspecies variability; differences in
metabolism were not considered toxicologically
significant.

Modifying factor: Not applicable
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Calculations:

10-min AEGL-2:

30-min AEGL-2:

1-h AEGL-2:

4-h AEGL-2:

8-h AEGL-2:

Key studies:

Toxicity end point:

Time scaling:

Acute Exposure Guideline Levels

Set equal to the 30-min value because of the long
exposure durations of the key studies.

C = (4.5 xx 10" ppm*-min + 30min)"?
C=1,100 ppm

C = (4.5 x 10" ppm*-min + 60 min)"?
C=910 ppm

C = (4.5 x 10" ppm’-min + 240 min)"?
C =570 ppm

C = (1.8 x 10° ppm-min) + 480 min
C =380 ppm

Derivation of AEGL-3 Values

Morgan, K.T., J.A. Swenberg, T.E. Hamm, Jr.,
R. Wolkowski-Tyl, and M. Phelps. 1982.
Histopathology of acute toxic response in rats
and mice exposed to methyl chloride by
inhalation. Fundam. Appl. Toxicol. 2(6):293-299.

Chellman, G.J., K.T. Morgan, J.S. Bus, and P.K.
Working. 1986a. Inhibition of methyl chloride
toxicity in male F-344 rats by the anti-
inflammatory agent BW755C. Toxicol. Appl.
Pharmacol. 85(3):367-379.

5,000 ppm for 6 h/day for 12 days was nonlethal
to rat for 5 days, one death following the fifth
day of exposure.

5,000 ppm for 6 h/day for 5 days was nonlethal
to rats.

C" x t = k; default values of n = 3 for shorter
exposure durations and n = 1 for longer
exposure durations.

(5,000 ppm =+ 3)* x 360 min = 1.67 x

10" ppm*-min

(5,000 ppm + 3) x 360 = 6.0 x 10° ppm-min
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Uncertainty factors:

Modifying factor:
Calculations:

10-min AEGL-3:

30-min AEGL-3:

1-h AEGL-3:

4-h AEGL-3:

8-h AEGL-3:

283

1 for interspecies difference; uptake is
greater in rats than in humans

3 for intraspecies variability; differences
in metabolism were not considered
toxicologically significant.

Not applicable

Set equal to the 30-min value because of the
long exposure durations of the key studies.

C =(1.67 x 10" ppm’-min + 30 min)"?
C =3,800

C = (4.5 x 10" ppm*-min + 60 min)"*
C =3,000 ppm

C = (1.67 x 10" ppm*-min + 240 min)""
C =1,900 ppm

C = (6.0 x 10° ppm’-min) + 480 min
C=1,300 ppm
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APPENDIX B

CATEGORY GRAPH OF HUMAN AND ANIMAL TOXICITY DATA
AND AEGL VALUES FOR METHYL CHLORIDE
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FIGURE B-1 Category graph of human and animal toxicity data in relation to AEGL
values for methyl chloride. Some of the data points represent repeat exposures. The two
lethal concentrations are for the mouse, a particularly sensitive species.
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APPENDIX C

ACUTE EXPOSURE GUIDELINE LEVELS FOR METHYL CHLORIDE

Derivation Summary for Methyl Chloride

AEGL-1 VALUES

AEGL-1 values are not recommended because methyl chloride has no
odor or warning properties at concentrations that might be neurotoxic.

AEGL-2 VALUES
10 min 30 min l1h 4h 8h
1,100 ppm 1,100 ppm 910 ppm 570 ppm 380 ppm

Key references:

(1) Dodd, D.E., J.S. Bus, and C.S. Barrow. 1982. Nonprotein sulfhydryl alterations
in F-344 rats following acute methyl chloride inhalation. Toxicol. Appl. Pharmacol.
62(2):228-236.

(2) Mitchell, R.I., K. Pavkov, R.M. Everett, and D.A. Holzworth. 1979. A Ninety
Day Inhalation Toxicology Study in F-344 Albino Rats and B6C3F1 Mice Exposed
to Atmospheric Methyl Chloride Gas. Battelle Columbus Laboratories. Microfiche
No. OTS0205952.

Test species/Strain/Number: (1) groups of 20 male F344 rats; (2) 10 male and 10
female F344 rats/group

Exposure route/Concentrations/Durations: Inhalation, (1) 0, 100, 500, or 1,500 ppm
for 6 h; (2) 0, 375, 750, or 1,500 ppm, 6 h/day, 5 days/week for 90 days.

Effects: (1) no clinical signs; (2) no clinical signs, no tissue lesions, increased liver
weight at 1,500 ppm.

End point/Concentration/Rationale: NOAEL for clinical signs and tissue lesions.

Uncertainty factors/Rationale:

Total uncertainty factor: 3

Interspecies: 1, uptake is greater in rodents than in humans as measured by blood
concentrations.

Intraspecies: 3, differences in uptake (by a factor of 2-3) and metabolism among
humans are not considered toxicologically significant.

Modifying factor: Not applicable

Animal-to-human dosimetric adjustment: Not applied

Time scaling: C" x t = k; default values of n = 3 for durations shorter than 6 h and n
=1 for durations longer than 6 h. Because of the long exposure durations of the key
studies, the 10-min value was set equal to the 30-min value.

(Continued)
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AEGL-2 VALUES Continued
10 min 30 min lh 4h 8h
1,100 ppm 1,100 ppm 910 ppm 570 ppm 380 ppm

Data adequacy: The animal studies were well conducted. The 90-day exposure
duration of one of the key studies ensures a true NOAEL after a single 6-h exposure.
Animal tissues were examined microscopically after the 90-day exposure. The
AEGL values are supported by a monitoring study in which accidental, repeat
exposures to methyl chloride at 1,000-4,000 ppm (duration not known) resulted in
transient neurotoxic symptoms (MacDonald 1964). The values are also supported by
clinical studies in which no effects were observed after a 3.5-h exposure at 200 ppm
(Putz-Anderson et al. 1981b) or after a 7.5-h exposure (with exercise) at 150 ppm
(Stewart et al. 1980).

AEGL-3 VALUES
10 min 30 min lh 4h 8h
3,800 ppm 3,800 ppm 3,000 ppm 1,900 ppm 1,300 ppm

Key references:

(1) Morgan, K.T., J.A. Swenberg, T.E. Hamm, Jr., R. Wolkowski-Tyl, and M.
Phelps. 1982. Histopathology of acute toxic response in rats and mice exposed to
methyl chloride by inhalation. Fundam. Appl. Toxicol. 2(6):293-299.

(2) Chellman, G.J., K.T. Morgan, J.S. Bus, and P.K. Working. 1986a. Inhibition of
methyl chloride toxicity in male F-344 rats by the anti-inflammatory agent BW755C.
Toxicol. Appl. Pharmacol. 85(3):367-379.

Test species/Strain/Number: (1) Groups of 10 male and 10 female F344 rats; (2)
groups of 5 male F344 rats

Exposure route/Concentrations/Durations: Inhalation, (1) 5,000 ppm for 6 h/day, 12
days; (2) 5,000 ppm for 6 h/day, 5 days.

Effects: (1) moribund state in 11/20 rats on day 5, tissue and organ lesions; (2) death
of 1/5 on day 5.

End point/Concentration/Rationale: Threshold for lethality on day 1 at exposure
concentration of 5,000 ppm.

Uncertainty factors/Rationale:

Total uncertainty factor: 3

Interspecies: 1, uptake is greater in rodents than in humans as measured by
blood concentrations.

Intraspecies: 3, differences in uptake (by a factor of 2-3) and metabolism among
humans are not considered toxicologically significant.

Modifying factor: Not applicable

Animal-to-human dosimetric adjustment: Not applied

Time scaling: C" x t = k; default values of n = 3 for durations shorter than 6 h and
n = 1 for durations longer than 6 h. Because of the long exposure durations of the
key studies, the 10-min value was set equal to the 30-min value.

(Continued)
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AEGL-3 VALUES Continued
10 min 30 min l1h 4h 8h
3,800 ppm 3,800 ppm 3,000 ppm 1,900 ppm 1,300 ppm
Data adequacy: Lethality data are sparse and, with the exception of the mouse,
usually occurred after repeat exposures. The AEGL values are supported by a
monitoring study in which accidental, repeat exposures to methyl chloride at 1,000-

4,000 (durations not known) resulted in transient neurotoxic symptoms (MacDonald
1964).
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Preface

Extremely hazardous substances (EHSs)? can be released accidentally as a
result of chemical spills, industrial explosions, fires, or accidents involving rail-
road cars and trucks transporting EHSs. Workers and residents in communities
surrounding industrial facilities where EHSs are manufactured, used, or stored
and in communities along the nation’s railways and highways are potentially at
risk of being exposed to airborne EHSs during accidental releases or intentional
releases by terrorists. Pursuant to the Superfund Amendments and Reauthoriza-
tion Act of 1986, the U.S. Environmental Protection Agency (EPA) has identi-
fied approximately 400 EHSs on the basis of acute |ethality datain rodents.

As part of its efforts to develop acute exposure guideline levels for EHSs,
EPA and the Agency for Toxic Substances and Disease Registry (ATSDR) in
1991 requested that the National Research Council (NRC) develop guidelines
for establishing such levels. In response to that request, the NRC published
Guidelines for Developing Community Emergency Exposure Levels for Hazard-
ous Substances in 1993. Subsequently, Standard Operating Procedures for De-
veloping Acute Exposure Guideline Levels for Hazardous Substances was pub-
lished in 2001, providing updated procedures, methodologies, and other
guidelines used by the National Advisory Committee (NAC) on Acute Exposure
Guideline Levels for Hazardous Substances and the Committee on Acute Expo-
sure Guideline Levels (AEGL ) in developing the AEGL values.

Using the 1993 and 2001 NRC guidelines reports, the NAC—consisting of
members from EPA, the Department of Defense (DOD), the Department of En-
ergy (DOE), the Department of Transportation (DOT), other federal and state
governments, the chemical industry, academia, and other organizations from the
private sector—has developed AEGL s for more than 270 EHSs.

In 1998, EPA and DOD requested that the NRC independently review the
AEGLs developed by NAC. In response to that request, the NRC organized
within its Committee on Toxicology (COT) the Committee on Acute Exposure
Guideline Levels, which prepared this report. Thisreport isthe twelfth volumein

2As defined pursuant to the Superfund Amendments and Reauithorization Act of 1986.
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that series. AEGL documents for butane, chloroacetaldehyde, chlorobenzene,
chloroform, methyl bromide, methyl chloride, and propane are each published as
an appendix in this report. The committee concludes that the AEGL s developed in
these appendixes are scientifically valid conclusions based on the data reviewed
by NAC and are consistent with the NRC guideline reports. AEGL reports for
additional chemicalswill be presented in subsequent volumes.

The committee's review of the AEGL documents involved both oral and
written presentations to the committee by the authors of the documents. The
committee examined the draft documents and provided comments and recom-
mendations for how they could be improved in a series of interim reports. The
authors revised the draft AEGL documents based on the advice in the interim
reports and presented them for reexamination by the committee as many times
as necessary until the committee was satisfied that the AEGLs were scientifi-
caly justified and consistent with the 1993 and 2001 NRC guideline reports.
After these determinations have been made for an AEGL document, it is pub-
lished as an appendix in avolume such as this one.

The five interim reports of the committee that led to this report were re-
viewed in draft form by individuals selected for their diverse perspectives and
technical expertise, in accordance with procedures approved by the NRC's Re-
port Review Committee. The purpose of this independent review is to provide
candid and critical comments that will assist the ingtitution in making its pub-
lished report as sound as possible and to ensure that the report meets institu-
tional standards for objectivity, evidence, and responsiveness to the study
charge. The review comments and draft manuscript remain confidential to pro-
tect the integrity of the deliberative process. We wish to thank the following
individuals for their review of the five committee interim reports, which summa-
rize the committee’s conclusions and recommendations for improving NAC's
AEGL documents for butane (interim reports 17 and 20a), chloroacetaldehyde
(interim report 17), chlorobenzene (interim report 17), chloroform (interim re-
ports 13, 14, and 18), methyl bromide (interim reports 18 and 20a), methyl chlo-
ride (interm reports 18 and 10a), and propane (interim reports 17 and 20a):
Deepak Bhalla (Wayne State University), Harvey Clewell (The Hamner Insti-
tutes for Health Sciences), Jeffrey Fisher (U.S. Food and Drug Administration),
David Gaylor (Gaylor and Associates, LLC), A. Wallace Hayes (Harvard
School of Public Health), Sam Kacew (University of Ottawa), Kenneth Still
(Occupational Toxicology Associates), Joyce Tsuji (Exponent, Inc.), and Judith
Zelikoff (New Y ork University).

Although the reviewers listed above have provided many constructive
comments and suggestions, they were not asked to endorse the conclusions or
recommendations, nor did they see the final draft of this volume before its
release. The review of interim report 13 was overseen by Sidney Green, Jr.
(Howard University), and interim reports 14, 17, 18, and 20a were overseen by
Robert Goyer (University of Western Ontario [retired]). Appointed by the
NRC, they were responsible for making certain that an independent examina-
tion of the interim reports was carried out in accordance with institutional pro-
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cedures and that all review comments were carefully considered. Responsibil-
ity for the final content of this report rests entirely with the authoring commit-
tee and the institution.

The committee gratefully acknowledges the valuable assistance provided
by the following persons. Ernest Falke and Iris A. Camacho (both from EPA)
and George Rusch (Risk Assessment and Toxicology Services). The committee
also acknowledges Susan Martel, the project director for her work this project.
Other staff members who contributed to this effort are James J. Reisa (director
of the Board on Environmental Studies and Toxicology), Radiah Rose (manager,
editorial projects), Mirsada Karalic-Loncarevic (manager of the Technica In-
formation Center), and Tamara Dawson (program associate). Finaly, | would
like to thank all members of the committee for their expertise and dedicated ef-
fort throughout the devel opment of this report.

Donald E. Gardner, Chair

Committee on Acute Exposure
Guideline Levels
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National Research Council Committee
Review of Acute Exposure Guideline
L evels of Selected Airborne Chemicals

This report is the twelfth volume in the series Acute Exposure Guideline
Levelsfor Selected Airborne Chemicals.

In the Bhopal disaster of 1984, approximately 2,000 residents living near a
chemical plant werekilled and 20,000 more suffered irreversible damage to their
eyes and lungs following accidental release of methyl isocyanate. The toll was
particularly high because the community had little idea what chemicals were
being used at the plant, how dangerous they might be, or what steps to take in an
emergency. This tragedy served to focus international attention on the need for
governments to identify hazardous substances and to assist local communitiesin
planning how to deal with emergency exposures.

In the United States, the Superfund Amendments and Reauthorization Act
(SARA) of 1986 required that the U.S. Environmental Protection Agency (EPA)
identify extremely hazardous substances (EHSs) and, in cooperation with the
Federal Emergency Management Agency and the U.S. Department of Transpor-
tation, assist local emergency planning committees (LEPCs) by providing guid-
ance for conducting health hazard assessments for the development of emer-
gency response plans for sites where EHSs are produced, stored, transported, or
used. SARA aso required that the Agency for Toxic Substances and Disease
Registry (ATSDR) determine whether chemical substances identified at hazard-
ous waste sites or in the environment present a public health concern.

As afirst step in assisting the LEPCs, EPA identified approximately 400
EHSs largely on the basis of their immediately dangerous to life and health val-
ues, developed by the National Institute for Occupational Safety or Health. Al-
though several public and private groups, such as the Occupational Safety and
Health Administration and the American Conference of Governmental Industrial
Hygienists, have established exposure limits for some substances and some ex-
posures (e.g., workplace or ambient air quality), these limits are not easily or
directly tranglated into emergency exposure limits for exposures at high levels

3

Copyright © National Academy of Sciences. All rights reserved.



Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 12

4 Acute Exposure Guideline Levels

but of short duration, usually less than 1 hour (h), and only once in alifetime for
the general population, which includes infants (from birth to 3 years of age),
children, the elderly, and persons with diseases, such as asthma or heart disease.

The National Research Council (NRC) Committee on Toxicology (COT)
has published many reports on emergency exposure guidance levels and space-
craft maximum allowable concentrations for chemicals used by the U.S. De-
partment of Defense (DOD) and the National Aeronautics and Space Admini-
stration (NASA) (NRC 1968, 1972, 1984a,b,c,d, 1985a,b, 1986a, 1987, 1988,
1994, 1996a,b, 20003, 2002a, 20073, 2008a). COT has also published guidelines
for developing emergency exposure guidance levels for military personnel and
for astronauts (NRC 1986b, 1992, 2000b). Because of COT'’s experience in rec-
ommending emergency exposure levels for short-term exposures, in 1991 EPA
and ATSDR requested that COT develop criteria and methods for developing
emergency exposure levels for EHSs for the general population. In response to
that request, the NRC assigned this project to the COT Subcommittee on Guide-
lines for Developing Community Emergency Exposure Levels for Hazardous
Substances. The report of that subcommittee, Guidelines for Developing Com+
munity Emergency Exposure Levels for Hazardous Substances (NRC 1993),
provides step-by-step guidance for setting emergency exposure levels for EHSs.
Guidance is given on what data are needed, what data are available, how to
evaluate the data, and how to present the resullts.

In November 1995, the National Advisory Committee (NAC)* for Acute
Exposure Guideline Levels for Hazardous Substances was established to iden-
tify, review, and interpret relevant toxicologic and other scientific data and to
develop acute exposure guideline levels (AEGL s) for high-priority, acutely toxic
chemicals. The NRC's previous name for acute exposure levels—community
emergency exposure levels (CEELs)—was replaced by the term AEGLS to re-
flect the broad application of these values to planning, response, and prevention
in the community, the workplace, transportation, the military, and the remedia-
tion of Superfund sites.

AEGL s represent threshold exposure limits (exposure levels below which
adverse health effects are not likely to occur) for the genera public and are ap-
plicable to emergency exposures ranging from 10 minutes (min) to 8 h. Three
levels—AEGL-1, AEGL-2, and AEGL-3—are developed for each of five expo-
sure periods (10 min, 30 min, 1 h, 4 h, and 8 h) and are distinguished by varying
degrees of severity of toxic effects. The three AEGL s are defined as follows:

INAC completed its chemical reviews in October 2011. The committee was composed
of members from EPA, DOD, many other federal and state agencies, industry, academia,
and other organizations. From 1996 to 2011, the NAC discussed over 300 chemicals and
developed AEGLSs values for at least 272 of the 329 chemicals on the AEGLS priority
chemicals lists. Although the work of the NAC has ended, the NAC-reviewed technical
support documents are being submitted to the NRC for independent review and finaliza-
tion.
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AEGL-1 is the airborne concentration (expressed as ppm [parts per mil-
lion] or mg/m® [milligrams per cubic meter]) of a substance above which it is
predicted that the general population, including susceptible individuals, could
experience notable discomfort, irritation, or certain asymptomatic nonsensory
effects. However, the effects are not disabling and are transient and reversible
upon cessation of exposure.

AEGL-2 is the airborne concentration (expressed as ppm or mg/m°) of a
substance above which it is predicted that the general population, including sus-
ceptible individuals, could experience irreversible or other serious, long-lasting
adverse health effects or an impaired ability to escape.

AEGL-3 is the airborne concentration (expressed as ppm or mg/m°) of a
substance above which it is predicted that the general population, including sus-
ceptible individuals, could experience life-threatening adverse health effects or
death.

Airborne concentrations below AEGL -1 represent exposure levels that can
produce mild and progressively increasing but transient and nondisabling odor,
taste, and sensory irritation or certain asymptomatic nonsensory adverse effects.
With increasing airborne concentrations above each AEGL, there is a progres-
sive increase in the likelihood of occurrence and the severity of effects described
for each corresponding AEGL. Although the AEGL values represent threshold
levels for the genera public, including susceptible subpopulations, such as in-
fants, children, the elderly, persons with asthma, and those with other illnesses,
it isrecognized that individuals, subject to idiosyncratic responses, could experi-
ence the effects described at concentrations below the corresponding AEGL.

SUMMARY OF REPORT ON
GUIDELINES FOR DEVELOPING AEGLS

As described in Guidelines for Developing Community Emergency Expo-
sure Levels for Hazardous Substances (NRC 1993) and the NRC guidelines re-
port Standing Operating Procedures for Developing Acute Exposure Guideline
Levels for Hazardous Chemicals (NRC 2001a), the first step in establishing
AEGLsfor achemical isto collect and review all relevant published and unpub-
lished information. Various types of evidence are assessed in establishing AEGL
values for a chemical. These include information from (1) chemical-physical
characterizations, (2) structure-activity relationships, (3) in vitro toxicity studies,
(4) animal toxicity studies, (5) controlled human studies, (6) observations of
humans involved in chemical accidents, and (7) epidemiologic studies. Toxicity
data from human studies are most applicable and are used when available in
preference to data from animal studies and in vitro studies. Toxicity data from
inhalation exposures are most useful for setting AEGLSs for airborne chemicals
because inhalation is the most likely route of exposure and because extrapola-
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tion of data from other routes would lead to additional uncertainty in the AEGL
estimate.

For most chemicals, actual human toxicity data are not available or critical
information on exposure is lacking, so toxicity data from studies conducted in
laboratory animals are extrapolated to estimate the potential toxicity in humans.
Such extrapolation requires experienced scientific judgment. The toxicity data
for animal species most representative of humans in terms of pharmacodynamic
and pharmacokinetic properties are used for determining AEGLSs. If data are not
available on the species that best represents humans, data from the most sensi-
tive animal species are used. Uncertainty factors are commonly used when ani-
mal data are used to estimate risk levels for humans. The magnitude of uncer-
tainty factors depends on the quality of the animal data used to determine the no-
observed-adverse-effect level (NOAEL) and the mode of action of the substance
in question. When available, pharmacokinetic data on tissue doses are consid-
ered for interspecies extrapol ation.

For substances that affect several organ systems or have multiple effects,
all end points (including reproductive [in both genders], developmental, neuro-
toxic, respiratory, and other organ-related effects) are evaluated, the most impor-
tant or most sensitive effect receiving the greatest attention. For carcinogenic
chemicals, excess carcinogenic risk is estimated, and the AEGLSs corresponding
to carcinogenic risks of 1 in 10,000 (1 x 10, 1 in 100,000 (1 x 10®), and 1 in
1,000,000 (1 x 10°®) exposed persons are estimated.

REVIEW OF AEGL REPORTS

As NAC began developing chemical-specific AEGL reports, EPA and
DOD asked the NRC to review independently the NAC reports for their scien-
tific validity, completeness, and consistency with the NRC guideline reports
(NRC 1993, 20014). The NRC assigned this project to the COT Committee on
Acute Exposure Guideline Levels. The committee has expertise in toxicology,
epidemiology, occupational health, pharmacology, medicine, pharmacokinetics,
industrial hygiene, and risk assessment.

The AEGL draft reports were initially prepared by ad hoc AEGL devel-
opment teams consisting of a chemical manager, chemical reviewers, and a staff
scientist of the NAC contractors—Oak Ridge National Laboratory and subse-
guently Syracuse Research Corporation. The draft documents were then re-
viewed by NAC and elevated from “draft” to “proposed” status. After the AEGL
documents were approved by NAC, they were published in the Federal Register
for public comment. The reports were then revised by NAC in response to the
public comments, elevated from “proposed” to “interim” status, and sent to the
NRC Committee on Acute Exposure Guideline Levelsfor final evaluation.

The NRC committee’s review of the AEGL reports prepared by NAC and
its contractors involves oral and written presentations to the committee by the
authors of the reports. The NRC committee provides advice and recommenda-
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tions for revisions to ensure scientific validity and consistency with the NRC
guideline reports (NRC 1993, 2001a). The revised reports are presented at sub-
sequent meetings until the committee is satisfied with the reviews.

Because of the enormous amount of data presented in AEGL reports, the
NRC committee cannot verify al of the data used by NAC. The NRC committee
relies on NAC for the accuracy and completeness of the toxicity data cited in the
AEGL reports. Thus far, the committee has prepared eleven reports in the series
Acute Exposure Guideline Levels for Selected Airborne Chemicals (NRC 2001b,
2002h, 2003, 2004, 2007b, 2008b, 2009, 2010a,b, 2011, 2012). This report is the
twelfth volume in that series. AEGL documents for butane, chloroacetaldehyde,
chlorobenzene, chloroform, methyl bromide, methyl chloride, and propane are
each published as an appendix in this report. The committee concludes that the
AEGLSs developed in these appendixes are scientifically valid conclusions based
on the data reviewed by NAC and are consistent with the NRC guideline reports.
AEGL reportsfor additional chemicalswill be presented in subsequent volumes.
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